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Abstract To report and discuss four cases of renal cell
carcinoma (RCC) in which preoperative investigations
yielded contradictory results regarding the cranial exten-
sion of propagation of the tumor thrombus into the vena
cava. An intraoperative ultrasound scan (IOU) was per-
formed in all cases to identify the exact level of the tumor
thrombus. We have performed an IOU of the vena cava in
four patients with RCC propagation into the inferior vena
cava. Preoperative investigations were performed in all
patients and consisted of abdominal Ultrasound scan
(USS), contrast enhanced CT scan and gadolinium
enhanced MRI scan. Intraoperative ultrasound has identi-
Wed correctly the cranial extension and the absence of
tumor thrombus inWltration in all patients. The thrombus
reached the suprahepatic vena cava in two cases and was
conWned to the infrahepatic vena cava in the remainder.
Preoperative imaging investigation had failed to determine
the correct cranial extension of the tumor thrombus in two
patients.IOU is a very useful tool to accurately assess the
precise extent of tumor thrombus and eventually the pres-
ence of vein wall inWltration. These data are of paramount
importance to plan the optimal surgical approach. Accord-
ing to our experience this type of investigation identiWes the
cranial extent of a tumor thrombus inside the vena cava bet-
ter than standard imaging techniques.
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Introduction

Several genitourinary malignancies have the propensity to
invade and propagate along major venous structures. The
vast majority of these tumours are renal cell carcinoma
(RCC), while the remainder are transitional cell carcinoma,
adrenal carcinoma, pheochromocytoma, and a variety of
retroperitoneal sarcomas [1–6].

Propagation of renal cell carcinoma into the inferior
vena cava is rare, accounting for 4–10% of all renal carci-
nomas, with 10–25% of these patients presenting an exten-
sion above the hepatic vein [7, 8]. Tumor thrombi in the
vena cava is associated with several prognostic factors as
local inWltration of perinephric tissue, lymph node metasta-
ses, caval inWltration and the presence of distant metastases
[9]. As extensive tumor thrombi can be present without evi-
dence of lymph node and distant metastases, an aggressive
surgical approach with curative intent is justiWed [10]. Cur-
rently, most authors agree that the presence of the thrombus
itself has no speciWc prognostic signiWcance if it can be suc-
cessfully removed [11]. In case of tumor thrombi in the
vena cava a complete surgical excision represents the only
potentially successful treatment with a 5 years survival
rates ranging between 40 and 60% in case of non metastatic
disease [12–14]. However, operative morbidity and mortal-
ity are signiWcantly high and are directly related to the
degree of vena caval extension and inWltration.

Given the complexity of excising tumor from vascular
structures, e.g. the inferior vena cava, it is paramount to
precisely identify the cranial extent of a tumor thrombus
prior to surgery in order to plan the most suitable surgical
approach.

The most commonly used investigations include
magnetic resonance imaging (MRI), inferior Venacavogra-
phy, abdominal ultrasound scanning (USS), multidetector
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helical Computerized tomography (MDHCT), transabdom-
inal US and transesophaegeal US (TEUS). Each of these
techniques has its own advantages and drawbacks and even
in combination they may fail to detect involvement of the
renal vein and the inferior vena cava as well as inWltration
of the wall of the vena cava. Moreover, in case more than
one of these investigations is performed on the same
patient, there risk of contradictory results is present.

We report about our experience using intraoperative
ultrasound (IOU) in patients with propagation of tumor
thrombi into the vena cava in whom preoperative imaging
studies had failed to unequivocally demonstrate the cranial
extension of the thrombi.

Patients and methods

Four patients with RCC in whom preoperative imaging
investigations had failed to unequivocally demonstrate the
cranial extent of the tumor thrombi in the vena cava, under-
went IOU at our Department during the last 3 years. Preop-
erative investigations for every patient consisted of helical
CT, gadolinium enhanced MRI scan and USS of the abdo-
men. Helical CT scan images with a reconstructed slice
thickness of 2 mm were acquired before and after the
administration of contrast in all patients. Three-dimensional
reconstructions have been used to improve the surgical
planning. The MRI protocol included T1 weighted FAST
sequences acquired after the administration of gadolinium.
Images were displayed in coronal and transverse planes in
all patients. For each patient the hospital records and all
preoperative radiographic studies were reviewed. After the
peritoneal cavity had been entered, sterile saline warmed to
body temperature was poured into the operative Weld in
order to create an acoustic interface between the ultrasound
probe and whatever organ structure had to be examined.
A Diasonics ultrasound unit with a 10 MHz linear array
transducer was placed in a sterile plastic sheath Wlled with
sterile gel. Generally the transducer was handled by the sur-
geon under the guidance of the ultrasonographer. The
results obtained with the IOU were then compared with the

real extension of the thrombus after incision of the wall of
the vena cava and before removal of the tumor thrombus.

Results

Intraoperative ultrasound correctly identiWed the cranial
extension of the thrombus and excluded the presence of
inWltration of the wall of the vena cava in all cases (Fig. 1).
This information allowed the surgeon to plan the most suit-
able procedure. Pre-operative investigations had overesti-
mated the cranial extension of the thrombus in two patients
and had deWned precisely the extension in the remaining
cases (Table 1). Preoperative investigations did not demon-
strate an inWltration of the wall of the vena cava by the
tumor thrombus. The radiologic Wndings were conWrmed by
the histopathologic examination of the surgical specimen.

Discussion

Renal cell carcinoma has a propensity for venous invasion
with 4–10% of patients having vena cava extension above

Fig. 1 In this patient, IOU identiWes the tumor thrombus extending
approximately to the level of the hepatic veins (T thrombus; V vena
cava; H hepatic veins)

Table 1 Patients characteristics

Patient 
N

Preop USS TC scan MRI scan IUOUS Real extension

1 Intrahepatic Left atrium Left atrium Sovrahepatic inferior vena cava Sovrahepatic inferior vena cava

2 Intrahepatic Infrahepatic vena cava Infrahepatic vena cava Sovrahepatic inferir vena cava Sovrahepatic inferior vena cava

3 Renal vein Sovrahepatic 
inferior vena cava

Sovrahepatic 
inferior vena cava

Infrahepatic inferior vena cava Infrahepatic inferior vena cava

4 Infrahepatic 
vena cava

Infrahepatic vena cava Infrahepatic vena cava Infrahepatic vena cava Infrahepatic vena cava
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the hepatic veins and the right atrium [12]. An aggressive
surgical approach oVers the only hope for cure in these
patients without metastatic disease with 5 years survival
rates of 40–68% after complete surgical excision [2–5]. The
diVerence in survival among these studies may reXect
diVerent surgical techniques, nodal status, degree of inva-
sion of the wall of the vena cava [15] and, possibly, the
extent of the thrombus itself [14, 16, 17].

Preoperative accurate radiographic staging of tumor
thrombus is of paramount importance to plan the best surgi-
cal approach, minimise morbidity and improve survival
rates [18]. These investigations include Venacavography,
MDHCT scan of the abdomen before and after the adminis-
tration of contrast, abdominal MRI scan with T1 weighted
FAST sequences acquired after the administration of gado-
linium, USS and TEUS. With the introduction of MDHCT,
a reconstructed slice thickness of 2 mm has become avail-
able. This technique, like MRI, provides complete staging
of the abdomen including lymph node staging and loco-
regional invasion. MDHCT detects thrombi in the vena
cava with sensitivities of up to 64–95% [18]. The cranial
extent of the thrombi is correctly diagnosed in only 33% of
cases [19]. The main disadvantage of this technique is the
lack of contrast medium in the vena cava in case of a tumor
thrombus. In fact, in case of extensive invasion of the vena
cava, the thrombus impedes contrast medium inXow from
the caudal sections of the vena cava, thus prohibiting the
precise delineation of the uppermost portion of the throm-
bus itself [18, 19]. Venacavography, which in the past was
the gold standard for detecting and evaluating tumor
thrombi, has the same limitations as CT since it also
depends on contrast medium inXow to diagnose a tumour
thrombus. This disadvantage can be overcome with cathe-
terization and delivery of contrast medium into the superior
vena cava [18]. However, this complicated procedure has
its own possible complications and risks in addition to the
extra burden of the patient. Even when retrograde
approaches are included, inferior Venacavography may not
adequately deWne the cranial extent of the thrombus and
often oVers little speciWc information regarding the pres-
ence or absence of thrombi in the hepatic veins. Moreover
this technique is not able to distinguish between neoplastic
and non neoplastic thrombus and requires the use of poten-
tially nephrotoxic contrast agents [22].

Transabdominal US is a useful tool for preoperative
evaluation of the renal vein and inferior vena cava. Its accu-
racy relies on the skill and experience of the ultrasonogra-
pher and on the patient’s body habitus. However, its
sensitivity in detecting tumor thrombi depends on the posi-
tion of the thrombus. If the tumor thrombus lies below the
level of the insertion of the hepatic veins, ultrasound sensi-
tivities are as low as 68%. If the tumor thrombus involves
the intrahepatic portion of the vena cava, ultrasound

sensitivity of 100% has been reported in detecting the
tumor thrombus. Usually the overall sensitivity of detecting
a tumor thrombus is reported from 89 to 100% [23]. How-
ever, it has been estimated that the renal vein and inferior
vena cava are not completely visualised, respectively, in
12.5 and 43.5% of cases.

TEUS is also a safe, minimally invasive technique that
can provide accurate information regarding the presence
and extent of involvement of the vena cava, guidance for
placement of a clamp on the vena cava and conWrmation of
complete removal of the tumor thrombus. Moreover it dem-
onstrates an eventual migration of the tumor thrombus to
the heart or the presence of a tumor thrombus embolism.
These are both potentially fatal complications, and TEUS
can provide the basis for an immediate intraoperative inter-
vention [24].

Abdominal MRI scan with T1 weighted FAST images
acquired in transversal and coronal planes after the admin-
istration of gadolinium, has been shown to be accurate for
diagnosing the presence of tumor thrombi in the inferior
vena cava. The ability of MRI to accurately delineate the
cranial extension of a thrombus into the vena cava is supe-
rior to that of Venacavography. In addition, it has the
advantage of being non invasive and of distinguishing
between tumor thrombus and clot. MRI has been reported
to have a sensitivity of up to 100% in detecting caval
thrombi. This technique is thought to be superior to helical
CT and Venacavography because of its ability to chose
additional imaging planes with optimal spatial resolution,
e.g. sagittal and coronal imaging planes [25]. MRI has
intrinsic contrast superiority to CT and does not need to
rely on contrast medium to diVerentiate tumour thrombus
from blood [18, 25]. The value of information obtained
with this technique can be limited by motion and Xow arte-
fact. In fact, turbulent blood Xow may create a signal arte-
fact that may falsely suggest or even mask the presence of
intravascular thrombus [26]. However, recently some
authors reported that MDHCT scan was comparable with
MRI in determining the cranial extent of tumour thrombi
[27].

Since these preoperative imaging investigations may
yield equivocal results and the pre-operative correct identi-
Wcation of the cranial extension of the tumor thrombus is
paramount for the surgeon to plan the most suitable
approach, intraoperative imaging modalities may play a
very important role.

IOU was Wrst used in urologic surgery in 1961 to facili-
tate the localisation of renal stones during open nephrolith-
otomy. Long et al. reported on eight patients considered to
be at risk for inferior vena cava involvement by tumor and
for whom intraoperative ultrasound was obtained to clarify
the presence or extent of thrombus [1]. In 1994, the eVec-
tiveness of IOU for ruling out the presence of renal vein
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and inferior vena cava tumor thrombus involvement in
patients with RCC was demonstrated in Wve cases [26].

With the aid of the ultrasound probe, in the four patients
of our series, we have performed a real time scan of the
vena cava to establish the exact location of the thrombus
underneath the vein wall. IOU provided excellent dynamic
images of the thrombus and was successful in ruling out the
limits of the thrombus and in excluding the presence of
inWltration thus allowing the surgeon to plan the most suit-
able operative procedure. Therefore, we think that surgeons
should be encouraged to use this technique in those cases in
which preoperative investigation have demonstrated the
involvement of the vena cava and when the cranial exten-
sion of the tumor thrombus has to be delineated.
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