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Background: Leiomyosarcoma of the inferior vena cava (IVC) is a rare malignant tumour 
with poor prognosis. Surgical resection is the first line of treatment to achieve the best 
possible outcome. However, precise preoperative evaluation is essential to guide therapeutic 
decisions. Here, the preoperative evaluation potential of gadobutrol-enhanced magnetic 
resonance imaging (MRI) was assessed in the management of a 42-year-old patient with 
a large IVC mass.
Methods: The patient first underwent enhanced computed tomography (CT), but the 
relationship between the left renal vein and the mass in the dilated IVC was ambiguous, 
and it remained unclear whether the right hepatic vein was invaded by the lesion. To make 
a precise assessment of the tumour, the patient subsequently underwent high-resolution MRI 
angiography examination combined with high-concentration contrast medium gadobutrol.
Results: MRI demonstrated the integrity of the right hepatic vein and the left renal vein. 
Following a multidisciplinary consultation, a complicated surgery including complete resec
tion of the mass, artificial vessel replacement of IVC, total hepatectomy, and bilateral 
nephrectomy with liver and kidney auto-transplantation was performed successfully. The 
surgical plan formulated after reviewing the MRI preoperatively was adhered to the course of 
the surgery. Postoperative CT re-examination showed that the blood flow of the artificial 
blood vessel and the right hepatic vein was unobstructed. Histopathological examination 
confirmed the tumour to be a leiomyosarcoma.
Conclusion: Preoperative imaging diagnosis and assessment have important implications 
for the surgical planning of IVC leiomyosarcoma. High-resolution MRI angiography exam
ination with high concentration contrast medium gadobutrol may be of particular benefit in 
IVC tumours.
Keywords: leiomyosarcoma, inferior vena cava, preoperative care, magnetic resonance 
imaging, gadobutrol

Introduction
Leiomyosarcoma (LMS) is an aggressive soft tissue sarcoma derived from smooth 
muscle cells typically of uterine, gastrointestinal, or soft tissue origin. 
Approximately 2% of LMS originate from vessels, half of which occur in the 
inferior vena cava (IVC). About 50% of venous sarcomas are IVC LMS, account
ing for 0.5% of all operated soft tissue LMS in adults.1 These tumours grow slowly 
both intra- and extraluminally, with invasion into adjacent structures and infrequent 
metastasis.2 IVC LMS are classified into three groups according to the IVC seg
ment involved: lower segment, or level 1 (infrarenal IVC); middle segment, or level 
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2 (IVC between the renal and the hepatic veins); and upper 
segment, or level 3 (IVC between the hepatic veins and the 
right atrium). According to previous reports, the average 
length of IVC LMS is 12 cm.3 The most frequently 
involved segment is the middle segment, accounting for 
43% to 83% of IVC LMS.3–5 Clinical symptoms depend 
on the location, growth pattern, and segment involvement 
of the tumour. They include oedema of the lower extre
mities, renal and hepatic failure when there is invasion of 
the corresponding veins, and cardiac symptoms when IVC 
LMS extends to the right atrium.6,7 The tumour usually 
involves more than one segment of the IVC by the time it 
becomes clinically obvious, resulting in a combination of 
non-specific but life-threatening signs and symptoms8 

leading to high mortality. Therefore, appropriate and pre- 
emptive treatment is essential for prolonged survival and 
better prognosis. Regardless, to date, no consensus exists 
on the management of IVC LMS, and complete surgical 
resection is regarded as the first-line therapy.9–11 

Preoperative imaging plays an important role in clinical 
management as it allows not only accurate preoperative 
diagnosis but also the evaluation of the tumour surgery 
scope, margin, and anatomical relationship of the tumour 
to adjacent organs and structures. For this purpose, com
puted tomography (CT) and magnetic resonance imaging 
(MRI) are the main non-invasive methods used.12

Since first reported in 1871, many studies have 
described the imaging characteristics of IVC LMS. On 
CT scan, the tumour usually appears as a lobulate, irregu
lar, heterogeneous, and hypoattenuated mass. On MR 
images, the tumour shows a long T1 and long T2 signal 
intensity with strong heterogeneous enhancement. The 
attenuation, signal intensity, and enhancement pattern 
mainly depend on the cystic components of the lesion. 
Although the other imaging findings vary depending on 
the tumour location, the most important sign for diagnosis 
is the dilation of the IVC lumen. Extensive collateral 
circulation is also detected around the lesion due to slow 
tumour growth.

One clinical challenge is to precisely describe the 
tumour extent and anatomical relationship with surround
ing structures. On CT images, tumour obstruction and 
intravascular eddy currents hamper the filling of the IVC 
with contrast agent, making the observation of vascular 
lesions and clinical assessment difficult. Nevertheless, 
many case reports have used MRI for IVC LMS 
diagnosis.8,12-18 Compared with CT, MRI can provide 
more accurate information about the tumour’s location, 

extent, collateral vessels, and adjacent structures with 
superior soft-tissue resolution, special sequences, and 
safer contrast material. The T2-weighted black blood 
sequence and high concentration contrast agent can over
come the limitations of CT, clearly revealing the vessel 
walls and lumens of IVC and collateral vessels. More 
specifically, gadobutrol, a high concentration extracellular 
non-ionic macrocyclic gadolinium-based contrast agent, 
provides significantly higher mean signal-to-noise ratio 
values in large vessels in the abdomen than that of con
ventional gadolinium contrast medium and visualises the 
small vessels better.19 To our knowledge, no previous 
studies have used this high-concentration contrast medium 
in the diagnosis and preoperative evaluation of IVC 
tumours.

Herein, we report a case of a very large IVC LMS mass 
in which we compared CT and MR images, and demon
strated the important role of MRI for diagnosis and eva
luation of the mass. The patient provided written informed 
consent for the case details and accompanying images to 
be published.

Patient History
A 42-year-old male patient presented to our hospital 
with complaints of abdominal discomfort, mainly in 
the upper quadrants, which persisted for 4 months, and 
bilateral symmetrical lower limb oedema for half 
a month. No other symptoms were reported, and physi
cal examination was normal. Laboratory studies 
revealed the following blood concentration levels: crea
tinine, 207 μmol/L (reference range: 53–115 μmol/L); 
uric acid, 684 μmol/L (reference range; 200–430 μmol/ 
L); alanine aminotransferase, 60 U/L (reference range; 
<40 U/L); serum lactate dehydrogenase, 271 U/L (refer
ence range: <240 U/L); CA-125, 81.1 U/mL (reference 
range: <35 U/mL); and squamous carcinoma antigen, 
1.7 μg/L (reference range: <1.5 μg/L). Ultrasonography 
from the local hospital suggested a space-occupying 
lesion in the IVC.

Imaging Findings
The patient initially underwent a computed tomography 
angiography (CTA) examination on a dual-energy MDCT 
scanner (Somatom Force, Siemens Medical Solutions, 
Forchheim, Germany), including the unenhanced phase, 
arterial phase, and venous phase, with a slice thickness 
of 0.5 mm. A non-ionic contrast agent (iopromide, 
Ultravist 370, Bayer Schering Pharma, Germany) was 
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Figure 1 Preoperative CT images of intraluminal leiomyosarcoma of IVC. (A) Axial unenhanced CT image shows a slightly hypoattenuated mass (white arrow) in the dilated 
inferior vena cava with nodular calcification. (B) Axial contrast-enhanced arterial phase CT image shows dilation of the inferior vena cava. The lumen is filled with a mass 
showing mild heterogeneous enhancement (white arrow). The boundary between IVC and the right liver lobe is ambiguous. (C and D) Axial contrast-enhanced venous 
phase CT image shows no significant enhancement in the centre of the mass (white arrow). The right posterior liver lobe shows heterogeneously inferior enhancement (star 
area), with right hepatic vein ill defined (white arrowheads). (E) Reconstructed coronal contrast-enhanced venous phase CT image shows the indistinct boundary between 
the tumour (white arrow) and the left renal vein (grey arrowhead with white outline). (F) Reconstructed coronal contrast-enhanced venous phase CT image shows the 
unclear (white arrow) boundary between right liver lobe and the hepatic segment of IVC (small black arrows).
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injected into the antecubital vein at a rate of 3.5 mL/s with 
a power injector of 1.5 mL/kg. Scan delay for the arterial 
phase and the venous phase was 34–37 s and 60–70 s, 
respectively.

CT images revealed the lesion to be a heterogeneous 
soft-tissue mass within the dilated IVC hepatic segment. 
The lesion extended from the entrance of the right atrium 

to the level of the right renal vein, with a maximum 
diameter of 55 mm and a length of 139 mm. In the arterial 
phase of the contrast-enhanced CT images, the mass 
showed mild, heterogeneous enhancement, with numerous 
tumour vessels. The venous phase showed no enhance
ment in the centre of the mass. A portion of the edge 
between the mass and the liver was unclear. 
Simultaneously, the right posterior liver lobe revealed 
heterogeneous low enhancement, without filling of the 
right hepatic vein. The left renal vein was pushed down 
and was not clearly demarcated from the mass (Figures 1 
and 2).

However, evaluation of the involvement of the right 
hepatic vein and the left renal vein is crucial, as it largely 
guides the decision on which therapeutic regimen to fol
low. Had the tumour grown along the right hepatic vein, an 
additional right posterior hepatic lobectomy would be 
necessary. Had the left renal vein been invaded, the left 
kidney may have required excision. Radical surgery, accu
rate evaluation of the tumour and the scope of surgery is 
essential.

MRI examinations were thus performed using 
a 3.0-T system (GE SIGNA Pioneer, GE Medical 
Systems, Milwaukee, WI, USA) with unenhanced imaging 
(in-phase and opposed phase T1-weighted images; T2- 
weighted images; high-resolution T2-weighted black blood 
sequence with and without fat-suppression; and diffusion- 
weighted images) and contrast-enhanced T1-weighted ima
ging. The specific parameters for each sequence are 

Figure 2 CT 3D reconstruction shows the poorly filled IVC and bilateral renal vein 
coloured in blue, with the LMS coloured in green.

Table 1 Magnetic Resonance Imaging Protocol

Parameters T1- 
Weighted 
in and 
Opposed 
Phases

T2- 
Weighted 
Images

High-Resolution 
T2-Weighted 
Black Blood 
Sequence

Fat-Suppressed High- 
Resolution T2- 
Weighted Black Blood 
Sequence

Focus Diffusion- 
Weighted 
Imaging*

DISCO SSFSE

Repetition time (msec) 5.5 10,588 11,250 6316 8677 5455 5.7 900

Echo time (msec) 1.8 85.8 85.9 85.9 64.2 77.2 2.1 70.8

Field of view (cm) 34 34 32 32 24 36 38 44

Scan matrix 320×288 320×320 320×320 320×320 160×64 128×128 288×256 384×256

Slice thickness (mm) 3 6 3 3 3 6 3 8

Slice gap (mm) −1.5 1.0 0 0 0 0.6 −1.5 10

Motion compensation - - Propeller Propeller - - - -

Flip angle (°) 12 160 111 111 90 90 12 180

Number of slices 66 26 30 30 30 36 70 9

Number of excitations 1 1 4 4 2/16 2/4 1 1

Fat saturation Yes No No Yes Yes Yes Yes No

Note: *B factors, 50 and 800 s/mm2. 
Abbreviations: DISCO, Differential Subsampling with Cartesian Ordering; SSFSE, single shot fast spin echo.
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summarised in Table 1. Moreover, 0.1 mmol/kg of non- 
ionic gadolinium-based contrast medium (Gadobutrol, 
Gadovist, Bayer Schering Pharma, Germany) was injected 
at a rate of 1.5 mL/sec utilising a power injector followed 
by a 30 mL saline flush.

Fat-suppressed T2-weighted images showed large hyper- 
intense areas within the lesion. Axial T1-weighted gradient 
echo in- and out-of-phase MRI images showed the absence of 
fat-containing areas within the lesion. The lesion was homo
geneously hypo-intense on T1-weighted images and heteroge
neously enhanced after contrast agent injection on enhanced 
T1-weighted fat-suppressed MRI images. The right posterior 
liver lobe showed the same enhancement pattern as that on CT 
images, without intrahepatic metastatic lesions. The right hepa
tic vein revealed delayed enhancement and its orifice was 

completely blocked by the IVC tumour. Dilated accessory 
right hepatic veins were observed, indicating congestion of 
the right posterior liver lobe, with heterogeneous density 
decrease and uneven perfusion. The thin layer T2-weighted 
black blood sequence revealed the integrity of the vessel walls 
of the left renal vein and the right hepatic vein (Figures 3–5). 
On the diffusion-weighted image, the tumour showed hyper- 
intensity, with the corresponding apparent diffusion coefficient 
map showing areas of decreased coefficient within the lesion, 
suggesting a limited diffusion of water molecules in the tumour 
(Figure 6).

After a multidisciplinary consultation, the patient under
went an extremely complicated operation of nine hours 
duration. The right hepatic vein and the renal vein were 
confirmed to be unaffected by the tumour and were spared. 

Figure 3 Preoperative axial T2-weighted black blood sequence with fat-suppressed MR image. (A) and T1-weighted with fat-suppressed MR image (B) shows the mass 
within the inferior vena cava with smooth vessel wall of IVC (white arrow). (C) Axial gadobutrol-enhanced late venous phase T1-weighted MR image shows heterogeneous 
enhancement of the mass (white arrow). The right hepatic vein is relatively hyperintense on T2WI (A) and enhanced T1WI images (C) (white arrowhead), without any 
abnormal signal intensity filling-defect. (D) Axial gadobutrol-enhanced T1-weighted fat-suppressed MR image shows the integrity of left renal vein, without any filling-defect 
(grey arrowhead).
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The liver and the kidney were resected and prepared for an 
autograft. The segment of IVC extending from the entrance 
of the right atrial to the left renal vein was resected and 
replaced by an artificial vessel. Finally, the right renal vein 
and the hepatic veins were anastomosed to the new IVC, 
and perfusion was restored. The scope of surgery was the 
same as that revealed on MRI, confirming that MRI is able 

to provide more precise evaluation than CT (Figure 7). 
Postoperative histological and immunohistochemical ana
lyses confirmed an IVC leiomyosarcoma (Figure 8). The 
tumor was composed of spindle cells arranged in a slightly 
braided pattern with abundant cytoplasm, large and deep 
staining of nuclei, obvious heterogeneity, neoplastic necro
sis, and pathological karyokinesis. The immunohistochem
ical results of the tumor cells were: H-Caldesmon (+), Actin 
(+), S-100 (-), EMA (-), CD34 (-), Myogenin (-), MyoD1 
(-), CK (-), INI-1 (+).

Following surgery and before being returned to the 
ward for close monitoring, the patient was quickly re- 
examined through CTA using the same MDCT scanner 
and contrast material as the previous time. The scan 
delay for the arterial phase, venous phase, and delayed 
phase was 34–37s, 60s, and 180s, respectively. The 
arterial phase revealed a well-filled and clear artificial 
IVC segment with normal flow. The hepatic and renal 
veins were preserved and ensured a normal flow to the 
artificial IVC. Local haemorrhage was detected, but 
without active bleeding (Figures 9 and 10). The patient 
recovered well and was discharged after about two 
weeks of observation.

Figure 4 Preoperative coronal enhanced T1WI images. (A) and T2-weighted black blood sequence with fat-suppressed images (B) shows the mass within IVC (white 
arrow) and the relationship between the mass and bilateral renal veins (arrow heads). The mass and the left renal vein are totally separated. Enhanced T1WI image proves 
the patency of bilateral renal veins, without any filling defect (white arrowhead). T2-weighted black blood sequence shows complete vessel wall of renal veins (grey 
arrowhead).

Figure 5 Liver parenchyma with oedema and congestion shows patchy hyperin
tensity on fat-suppressed T2-weighted axial MR image.
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Discussion
Here, we report a clinical case of a bulky LMS originat
ing from the IVC involving the right atrium orifice and 
the junction of hepatic veins and bilateral renal veins, 
for which combined liver and kidney auto- 
transplantation was performed following tumour resec
tion. This is the second reported case of IVC tumour 
resection combined with multiple organ auto- 
transplantation worldwide since 2015.20 High concentra
tion contrast medium gadobutrol-enhanced MRI with 
high-resolution T2-weighted black blood sequence 
showed great accuracy in preoperative diagnosis and 
tumour extent identification. The findings helped guide 
a complex, radical surgical operation involving multiple 
organs that led to the survival of the patient.

Several studies have reported that CT can provide 
sufficient evidence for accurate diagnosis and tumour 
extent determination of IVC LMS.8,12,13 Contrast- 
enhanced CT is considered a sensitive tool for the 
diagnosis and follow-up of IVC leiomyosarcoma as it 
delineates the intravascular component of the tumour. 
However, CTA has several limitations. While it is advan
tageous for arterial diseases, its diagnostic performance for 
diseases affecting veins and small vessels remains unsa
tisfactory. CT also has inferior soft tissue resolution and 
unavoidable intravascular eddy currents, which is undesir
able for the observation of the vessel wall and lumen of 
the IVC. Additionally, CTA is unable to precisely assess 
the involvement of adjunctive small vessels such as the 
renal and hepatic veins because of insufficient blood flow 
caused by tumour obstruction.13 In this particular case, 
CTA had its limitations in the diagnosis of IVC LMS. 
The CT images thus gave rise to two misjudgements of 
great relevance for clinical management: (1) the right 

Figure 6 Preoperative diffusion-weighted images with b=50 (A) and b=800 (B) both show hyperintensity of the IVC mass (white arrow). (C) The tumour (white arrow) 
displays decreased apparent diffusion coefficients.

Figure 7 Gross pathology of the resected specimen from the patient.

Figure 8 Photomicrograph of the tumour shows proliferating spindle-shaped 
cells with nuclear atypia in a braided arrangement. (HE stain, original 
magnification×200).
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hepatic vein was unclear and was misdiagnosed as being 
invaded by the tumour; (2) the left renal vein was not well 
filled by contrast medium so it was also misdiagnosed as 
invaded by the tumour. Therefore, although CT is as 
sensitive as MRI to diagnose IVC leiomyosarcoma, it is 
not reliable for delineating the precise tumour extent and 
performing accurate preoperative evaluation. Finally, the 
ionising radiation and contrast induced adverse reactions 
due to CT make it an inferior method to MRI.21

However, to date, MRI has not received adequate atten
tion, because CT examination is considered accurate enough 
and has been recommended repeatedly.7,22 However, some 
early studies were limited by the poor performance of ordin
ary sequences and low spatial resolution. Ganeshalingam 
et al suggested CT for the initial assessment of IVC LMS 
and MRI for the subsequent assessment of tumours in 

patients suitable for surgery.8 However, they also claimed 
that the use of gadolinium does not improve the evaluation or 
assessment of the extent of local invasion. To solve these 
problems, we combined several special sequences with high 
concentration contrast medium gadobutrol-enhanced MRI, 
significantly improving the diagnostic advantage. This can 
be partly explained by the fact that MRI has superior soft 
tissue resolution for early detection of tumour origin and 
invasion of local structures compared with CT, even though 
diagnostic accuracy has not been explicitly compared 
between the two imaging techniques. MRI also allows 
improved characterisation of thrombus composition. In T2- 
weighted imaging, leiomyosarcoma is usually iso- or hyper- 
intense to muscle, whereas bland thrombus is typically 
isointense.23 Additionally, high resolution T2-weighted 
black blood sequence is a special sequence that contributes 

Figure 9 (A) Postoperative coronal enhanced venous phase CT image demonstrates patency of the artificial IVC from the entrance of right atrium to level of the renal vein 
(white arrow). (B–D) Axial enhanced venous phase CT images show the reserved right hepatic vein (white arrowhead), left renal vein (grey arrowhead) and right renal vein 
(black arrow). They are all well filled with contrast agent and perfectly connected to the artificial IVC (white arrow).
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to the observation of vessel walls. It differs from traditional 
methods such as magnetic resonance angiography (MRA) in 
that it emphasises the vessel wall rather than the lumen. 
Signal loss caused by saturation of slow flow and dephasing 
due to complex and turbulent flow is not visible in this 
sequence.24,25 Diffusion-weighted images of MRI can help 
identify thrombus characterisation. Due to increased cellular 
density and altered nuclear-to-cytoplasmic ratio, the lesions 
and tumour thrombus may display restricted diffusion and 
decreased apparent diffusion coefficients, resulting in hyper- 
intensity on diffusion-weighted images and hypo-intensity in 
apparent diffusion coefficient map. Multiphase dynamic 
enhanced and delayed enhanced MRI are also more helpful 
in depicting blocked and slow-flowing vessels than CT, 
which usually has only two to three enhanced 
sequences. Most of all, we use gadobutrol (Gadovist, Bayer 
Healthcare Pharmaceuticals, Berlin, Germany), a type of 
high-concentration extracellular non-ionic macrocyclic 
gadolinium-based contrast medium displaying with high 
relativity and low osmolality and viscosity, to improve 
dynamic image enhancement.26,27 The physical properties 

of this gadolinium chelate allow for a concentration of 1 
mmol Gd/mL, which is double the concentration of conven
tional gadolinium contrast medium such as Gd-DTPA. The 
structure of gadobutrol confers a favourable safety profile not 
only in adults but also in children at standard doses.28,29 

Gadobutrol has high relaxivity and provides the highest T1- 
shortening effect per millilitre,30 resulting in an increase in 
signal intensity.31 Therefore, gadobutrol-enhanced MRI 
shows comparative imaging advantages, especially in 
MRA, which allows superior visualisation, more accurate 
vessel measurements, and a more definitive diagnosis.32 

Several studies have reported that the use of gadobutrol can 
improve the delineation of small vessels with significantly 
increased signal-to-noise ratios and contrast-to-noise ratios in 
the vascular territory.33,34 Quantitative analysis of contrast- 
enhanced MRA for large vessels also found that gadobutrol 
had a higher mean signal-to-noise ratio than that of gadoli
nium-DTPA.19 With this high concentration contrast agent, 
blood vessels can be better filled in, so that intravascular 
lesions and vessel walls can be better displayed. Altogether, 
these advantages explain why gadobutrol-enhanced MRI 
triumphed over CT in the accurate evaluation of IVC 
leiomyosarcoma.

Conclusion
To the best of our knowledge, this is the first time that 
high-resolution MRI angiography combined with high 
concentration gadobutrol has been used to precisely eval
uate the preoperative diagnosis of primary leiomyosar
coma of the IVC. The results emphasise the important 
role of high-resolution MRI angiography examination 
with high-concentration contrast medium gadobutrol in 
the preoperative evaluation and diagnosis of this IVC 
LMS. The new imaging strategy provided vital informa
tion for the surgical operation and successful clinical 
management of the patient, suggesting that such an 
approach should be prioritised in the evaluation of venous 
lesions in future practice.

Abbreviations
IVC, inferior vena cava; LMS, leiomyosarcoma; MRA, 
magnetic resonance angiography; CTA, computed tomo
graphy angiography.
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publicly available to protect patient privacy, but are available 
from the corresponding authors upon reasonable request.

Figure 10 Postoperative CT 3D reconstruction shows the artificial IVC vessel 
coloured in yellow. The remaining lower segment of IVC and bilateral renal vein are 
coloured in blue.
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