
Resection of Renal
Tumors Invading
the Vena Cava

ChadWotkowicz, MD*, Matthew F.Wszolek, MD,
John A. Libertino, MD
KEYWORDS
� Renal cell carcinoma � Inferior vena cava
� Surgical management
co
m

Renal cell carcinoma (RCC) has been called
the ‘‘internists’ tumor’’ for many years because of
the myriad of vague symptoms associated
with this malignancy. Patients historically pre-
sented with metastatic disease at the time of their
initial diagnosis. At the present time, approximately
70% of the patients who have RCC are diagnosed
as a result of enhanced imaging capabilities. This
early diagnosis has produced a stage migration
because many RCCs are discovered incidentally.
Kidney cancer is the third most common urologic
malignancy in the United States, representing
3.5% of the newly diagnosed cancers in the United
States, and accounts for 2.3% of cancer-related
deaths.1 During the past 20 years, the incidence
of RCC has been increasing worldwide at a rate of
2.5% every year. This increased incidence is a re-
sult of increased abdominal imaging and an aging
population.2–4 In addition, RCC is a highly vascular
malignancy with a tendency to invade the venous
system and create a tumor thrombus either in the
renal vein or the inferior vena cava (IVC). An esti-
mated 4% to 10% of RCCs have a tumor thrombus
present in the venous circulation, specifically the
renal vein and IVC, and a subpopulation of 1%
has extension into the right atrium.5 Despite
advances in radiation, chemotherapy, and immu-
notherapy the reference standard for RCC with
tumor thrombus remains surgical resection.
Several contemporary series have demonstrated
5-year survival rates of up to 60% in the absence
of metastatic disease in patients who have venous
tumor thrombus treated with radical nephrectomy
and tumor thrombectomy.5–11
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CLINICAL PRESENTATION

The advent of cross-sectional imaging for the
work-up of abdominal pain has resulted in an
increase of RCC prevalence. A number of patients
who have venous tumor thrombus can be asymp-
tomatic depending on the level of the tumor
thrombus and the extent of occlusion of the IVC.
Significant venous congestion as a result of caval
intrusion can present with varying symptoms,
including significant lower extremity edema, vari-
cocele formation, proteinuria, caput medusae,
and even pulmonary emboli. If the tumor extends
above the level of the hepatic veins, Budd-Chiari
syndrome may result from obstruction of the major
hepatic veins, resulting in a triad of hepatomegaly,
abdominal fullness/pain, and ascites. The resulting
varices produce massive collaterals with associ-
ated impaired hepatic function and portal hyper-
tension. Additional symptoms of RCC include
flank discomfort, hematuria, and constitutional
changes (fever, weight loss, fatigue). These consti-
tutional symptoms usually indicate the presence of
metastatic disease with an overall poor prognosis.
.

DIAGNOSTIC IMAGING AND PREOPERATIVE
EVALUATION

All patients who have renal masses must have
imaging studies, including chest radiographs and
bone scans when appropriate, to rule out meta-
static disease. In patients who have venous exten-
sion, additional studies are necessary to define the
extent of the tumor thrombus. For this subset of
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patients the authors’ preferred imaging modality is
MRI, specifically magnetic resonance venography,
in combination with CT studies and three-
dimensional reformatted images (Fig. 1). Tumor
at or above the level of the diaphragm requires
transesophageal echocardiography and may
necessitate angiography to delineate the extent
of the tumor thrombus. At the present time posi-
tron emission tomography (PET) scans have
a limited diagnostic role; however, this modality
is being evaluated at the Lahey Clinic as part of
the preoperative evaluation and postoperative
follow-up. The authors have noted that PET CT
has demonstrated lesions in the liver that have
not been detected on ordinary CT or MRI (Fig. 2).

A report from Zini and colleagues12 suggests
that preoperative measurements of the renal vein
and IVC diameter with associated tumor thrombus
correlate with the rate of renal ostial wall invasion
and may serve as another prognostic indicator.

The importance of preoperative imaging for sur-
gical planning cannot be overemphasized. Tumor
thrombus extending to the level of the hepatic
veins or higher may require cardiopulmonary by-
pass and circulatory arrest to provide insurance
against excessive blood loss. Patients slated for
cardiopulmonary bypass and circulatory arrest
should have a cardiac evaluation, which may
include stress testing or a coronary angiogram. If
significant coronary artery disease is discovered,
it may be treated with either a stent or bypass
grafting. In five of the authors’ patients bypass
grafting was performed concomitantly with the
radical nephrectomy and IVC thrombectomy.13
Fig. 1. (A) Coronal scan demonstrates the extent of tumor
Lateral reconstructions indicate thrombus above the diaph
this tumor.
Bland thrombus often can be distinguished from
tumor thrombus during the preoperative evalua-
tion, and anticoagulation therapy or placement of
an IVC filter should be considered to limit further
propagation and the possibility of a pulmonary
embolus. Transesophageal echocardiography
identifies the presence of tumor thrombus in the
right atrium and is an important adjunctive intrao-
perative diagnostic modality.14
RENAL ANGIOINFARCTION

Although only one prospective trial of preoperative
angioinfarction is available to validate its use, the
authors find that preoperative renal artery emboli-
zation is an important adjunctive tool in the treat-
ment for advanced RCC, including patients who
have venous tumor involvement.15 Preoperative
renal angioinfarction facilitates the dissection of
the renal tumor as a result of local tissue edema
from hypoxia and tissue necrosis. In addition, it
potentially may decrease the extent of the tumor
thrombus while minimizing intraoperative blood
loss associated with extensive venous collaterals.
Renal angioinfarction also allows the surgeon to
ligate or transect the renal vein before controlling
or occluding the renal artery. Clinicians must be
aware of the postinfarction syndrome caused by
innate and humoral immune responses to the
infracted kidney.16 This syndrome is characterized
by chills, fevers, flank pain, malaise, hematuria,
transient hypertension, and hyponatremia, all of
which are self limiting.17
thrombus to the level of the major hepatic veins. (B)
ragm. Cardiopulmonary bypass was required to resect



Fig. 2. PET scan obtained during preoperative evalua-
tion for planned radical nephrectomy demonstrates
increased uptake in multiple sites of the liver.

Box1
AmericanJoint Committee on Cancer 2002 TNM
staging system for renal cell carcinoma

T: Primary tumor

Tx: Primary tumor cannot be assessed

T0: No evidence of primary tumor

T1: Tumor <7 cm in diameter, limited to kidney

T1a: Tumor 0–4 cm in greatest diameter, con-
fined to kidney

T1b: Tumor 4–7 cm in greatest diameter, con-
fined to kidney

T2: Tumor > 7 cm in greatest diameter, confined
to kidney

T3: Tumor extends into major veins or invades
adrenal gland or perinephric tissues but not be-
yond Gerota’s fascia

T3a: Tumor directly invades adrenal gland or
perirenal and/or renal sinus fat but not beyond
Gerota’s fascia

T3b: Tumor grossly extends into the renal vein
or its segmental (ie, muscle-containing)
branches or into the vena cava below the
diaphragm

T3c: Tumor grossly extends into the vena cava
above the diaphragm or invades the wall of
the vena cava

T4: Tumor invades beyond Gerota’s fascia

N: Regional lymph nodes

NX: Regional lymph nodes cannot be assessed

N0: No regional lymph node metastasis

N1: Metastasis in a single regional lymph node

N2: Metastasis in more than one regional lymph
node

M: Distant metastases

MX: Metastases cannot be assessed

M0: No distant metastases

M1: Distant metastases
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CLINICAL STAGING AND PROGNOSTICS FACTORS

There have been numerous proposals for staging
RCCs and venous invasion. The current TNM stag-
ing system (Box 1) designates tumor thrombus in
the renal vein up to the diaphragm as T3b. Numer-
ous retrospective studies at the Lahey Clinic and
elsewhere advocate revision based on difference
in survival when only the renal vein is involved.18,19

Literature, however, supports the current classifi-
cation scheme, leaving the debate open for further
discussion.20 In addition to the level of the tumor
thrombus, a variety of centers are exploring
additional prognostic factors for a revision of the
current staging. The UCLA Integrated Staging
System incorporates TNM stage, Fuhrman tumor
grade, and the Eastern Cooperative Oncology
Group performance status.21 Kattan and col-
leagues22 have developed a nomogram based on
the TNM stage, patient symptoms, tumor size,
grade, and vascular invasion or tumor necrosis.
The SSIGN (stage, size, grade necrosis) model
from the Mayo Clinic also has been evaluated in
more than 1800 patients.23

SURGICALTREATMENT STRATEGIES

This discussion of surgical planning covers the
following levels of tumor thrombus: renal vein,
infrahepatic, retrohepatic, suprahepatic, supra-
diaphragmatic, and intra-atrial. Aggressive sur-
gical management (radical nephrectomy, IVC
thrombectomy, lymph node dissection, and
potential metastectomy) remains the primary
treatment modality, with the level of the tumor
thrombus dictating the surgical approach. Tumors
involving the caval venous system represent one
of the most technically challenging and rewarding
procedures for urologists because the 5-year sur-
vival rates, even in the face of intra-atrial tumor
thrombus, are comparable to those for lesions
confined to the kidney. A stepwise approach is
discussed for each level of vein involvement focus-
ing on techniques the authors have found



Fig. 4. Thoracoabdominal incision landmarks.
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successful in treating more 243 patients over
a 30-year period (Fig. 3).24 Additional techniques
used by other urologic surgeons also are dis-
cussed in conjunction with specific scenarios.

RENALVEIN INVOLVEMENT

The invasion of the tumor thrombus at the level
of the renal vein often can be approached using
the principles of traditional radical nephrectomy
first described by Robson and colleagues25 in
1969. The kidney and the great vessels can be
exposed, mobilized, and controlled using a thora-
coabdominal incision (Fig. 4). In general a ninth
or tenth intercostal incision is preferred. Signifi-
cant venous collaterals can develop in the setting
of venous tumor thrombus, particularly the lum-
bar drainage system. After ligation of the renal
artery, the tumor thrombus is palpated gently to
ensure that no further extension into the vena
cava is present. A Satinsky clamp then is placed
at the level of the renal vein ostium, sparing any
lumbar tributaries. A circumferential incision is
made at the level of the renal vein ostium. The
caval defect is closed with running 4-0 polypro-
pylene sutures, with caution taken to avoid con-
stricting the diameter of the vena cava. With the
venous system and arterial system ligated,
a standard nephrectomy is performed with or
without a lymph node dissection for staging pur-
poses. In rare instances it is possible to spare
the adrenal gland in lower pole tumors.
SUPRARENAL (INFRAHEPATIC TUMOR
THROMBUS)

The authors categorize the presence of tumor
thrombus below the level of the liver edge as infra-
hepatic. It often is possible to resect these lesions
without bypass, because caval wall resection is
rarely necessary, and bleeding can be controlled.
The initial portion of this operation is to control
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RENAL CELL CANCER WITH IVC

INVOLVEMENT - STRATIFICATION BY YEAR OF SURGERY

Fig. 3. Surgical stratification of renal cell cancer with
tumor thrombus at the Lahey Clinic.
the IVC with limited manipulation to prevent tumor
embolus. The vena cava is dissected anteriorly
and mobilized so that a Rummel tourniquet can
be placed above and below the tumor thrombus
and around each renal vein. Transesophageal
echocardiography is performed to rule out propa-
gation of the tumor thrombus. A chevron incision is
made from the tip of the eleventh rib to the tip of
the contralateral eleventh rib. The aorta and vena
cava are exposed, and dissection is continued to
allow placement of the Rummel tourniquets. As
mentioned previously, large upper pole tumors
also can be approached via a thoracoabdominal
incision. The renal artery, associated lumbar and
minor hepatic veins, and the contralateral renal
vein are isolated and are dissected circumferen-
tially. In many instances renal angioinfarction
may produce an inflammatory response that pre-
cludes arterial mobilization; in this instance the au-
thors defer ligation of the renal artery until the
tumor thrombectomy has been completed. After
the Rummel tourniquets are applied as described
previously, a longitudinal cavatomy is made, and
the thrombus is freed from the caval wall to the
level of the renal vein ostium (Fig. 5) The IVC
then is gently flushed with heparinized saline and
is evaluated for residual fragments. The cavotomy
is closed with continuous 4-0 polypropylene su-
tures. The infrarenal clamp is released initially to
purge the system and to limit the chance of embo-
lus. Radical nephrectomy and/or lymph node dis-
section is performed after closure of the vena
cava has been completed.



Fig. 5. Removal of larger right-
sided infrahepatic tumor with-
out cardiopulmonary bypass.
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SUPRARENALTHROMBUS (RETROHEPATIC
AND SUPRADIAPHRAGMATIC)

Surgical removal of RCC with suprarenal retrohe-
patic tumor thrombus can be accomplished with
a variety of surgical techniques with equivalent on-
cologic outcomes. The authors’ experience with
hypothermic circulatory arrest and cardiopulmo-
nary bypass is one of the largest series published
to date with outcomes comparable to those of
contemporary colleagues.26 The authors have de-
scribed techniques of vascular and liver mobiliza-
tion that have provided excellent exposure to the
retrohepatic portion of the IVC (Fig. 6). After
a chevron incision is made and the absence of
metastatic disease is confirmed, the anterior sur-
face of the IVC is identified and is palpated gently
to confirm the cephalad extent of the tumor
Fig. 6. (A, B) Anatomic relationship of IVC, hepatic vascula
thrombus. In some cases the thrombus can be
gently milked caudally for clamp placement. This
procedure must be performed with caution to pre-
vent embolization of the thrombus. Traditionally
the duodenum is kocherized, and the Langenbuch
maneuver is used to mobilize the liver cephalad
and to the left, thus exposing the retrohepatic por-
tion of the IVC (Fig. 7). The kidney is mobilized
completely with the exception of the renal vein
and associated tumor thrombus (Fig. 8). The IVC
then is mobilized completely from the renal vein
to the cephalad extent of the tumor thrombus,
ensuring retroperitoneal hemostasis before hepa-
rinization and cardiopulmonary bypass. The right
subclavian artery and superior vena cava are can-
nulated, and cardiopulmonary bypass is initiated
(Fig. 9). Thiopental and methylprednisolone are
given as the core temperature is cooled to 18� to
ture, and diaphragm.



Fig. 7. Exposure of the retrohepatic IVC.
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20�C and the patient is exsanguinated. Patients
can withstand up to 40 minutes of circulatory
arrest time without neurologic insult and may be
exposed to extended periods with the use of
retrograde cerebral perfusion.27 A right atriotomy
provides distal control of the tumor thrombus, min-
imizing the risk of embolization (Fig. 10). An ante-
rior cavotomy is made from the level of the renal
vein to the level of the hepatic veins, and the
thrombus is extracted with the patient in Trende-
lenberg’s position and using positive-pressure
respiration (Fig. 11). In some situations a Fogarty
catheter is passed into the atrium and/or hepatic
veins to retrieve portions of the tumor thrombus.
The authors use venacavascopy with a flexible
cystoscope to ensure that tumor thrombus
removal is complete. Efforts should be made to
Fig. 8. Intraoperative photograph demonstrating the
complete mobilization of the kidney except for the re-
nal vein and associated tumor thrombus.
remove the kidney and thrombus as one specimen
(Fig. 12). The advantage of bypass is an essentially
bloodless operative field, but the authors
recognize and accept the complications of by-
pass, including coagulopathy and the potential
for neurologic complications.
MINIMALLY INVASIVE CARDIOPULMONARY
BYPASS

Cardiopulmonary bypass has been done at the
Lahey Clinic using a minimally invasive approach
since 1998.28 It was developed initially for aortic
valve replacements but suited the authors’ need
to carry out cardiopulmonary bypass and circula-
tory arrest in patients who have tumor thrombus
extending beyond the hepatic veins or into the
atrium.29 Unlike the traditional approach, the kid-
ney is not mobilized during the initial exposure;
rather, a chevron incision is made, and surveil-
lance for intra-abdominal metastatic disease is
performed. The anterior vena cava and renal vein
are identified using a ‘‘no-touch’’ technique, mini-
mizing the possibility of a pulmonary embolus.
(The initiative for this approach stemmed from a le-
thal pulmonary embolism during the removal of
a large left-sided adrenal tumor with associated
retrohepatic tumor thrombus.)

Next, the right subclavian artery is mobilized
via a small infraclavicular incision. Then a small
(2-inch) right parasternal incision is made at
the heads of the third and fourth ribs. This inci-
sion allows resection of the rib cartilage and
ligation of the right internal thoracic artery. Peri-
osteum muscles and pleura are preserved for
closure, and the right pericardium is opened
exposing the superior vena cava and right
atrium. Systemic heparinization is initiated as
an 8-mm synthetic graft is sewn to the right
subclavian artery for arterial return while a two-
stage venous cannula is positioned into the right
atrium for venous outflow (Fig. 13). Cardiopul-
monary bypass then is initiated, and the patient
is cooled in a fashion similar to that used for pa-
tients undergoing traditional bypass procedures.
A formal right atriotomy is made, and the distal
components of the thrombus are identified while
the urologic surgeon opens the IVC. Tumor
thrombus is removed from the cava, and
a sponge stick or laparotomy pad is passed
up to the cardiothoracic team to be certain
that all residual thrombus has been removed
(Fig. 14). Flexible cystoscopy may be performed
to confirm the presence or absence of clot or
venous wall invasion. Fogarty balloons may be
used to address thrombus in the hepatic veins.
Radical nephrectomy is performed while the



Fig. 9. Traditional cardiopulmonary
bypass requiring median sternotomy.
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patient is being rewarmed and is coming off
bypass. Then protamine sulfate is given to offset
the effect of heparin; fresh frozen plasma, plate-
lets, and desmopressin can be to given to
address any coagulopathy. Unlike traditional
bypass, coronary revascularization cannot be
done.

The authors have performed more than 50 caval
thrombectomies using cardiopulmonary bypass
and circulatory arrest. They have performed mini-
mal-access bypass procedures in more than 30
patients to date with results demonstrating shorter
operative and hospital times and decreased rates
of transfusion and of mechanical ventilatory
support (Table 1).26 Eliminating the median
sternotomy reduces the dose of postoperative
analgesics required and also avoids reoperative
sternotomy in patients who have had a prior coro-
nary artery bypass procedure. Close monitoring
for hematologic and neurologic complications
must be observed in the immediate postoperative
period.30 Thus far these authors have had no
serious neurologic sequelae from cardiopulmonary
bypass and circulatory arrest in their experience
of more than 50 patients.
VENOVENOUS BYPASS

Patients who have minimal extension of thrombus
above the level of the diaphragm can be managed
with venovenous bypass via a caval-atrial
shunt.31,32 With this approach the vena cava
needs to be controlled at the infrarenal level, at
the level of both renal veins, and at its intrapericar-
dial portion. Once control is established, the
cannulas can be placed in the right atrium or
axillary vein and the femoral veins, and bypass
can be initiated before cavotomy. Bleeding from
the hepatic venous system can be managed by
cross-clamping the hepatic veins or by the Pringle
maneuver. The Pringle maneuver can be used for
up to 45 minutes before liver metabolism is
affected significantly. Although this technique
avoids cardiopulmonary bypass and circulatory
arrest, the incidence of hepatic venous bleeding
can be significant.



Fig.10. Right atriotomy exposing tumor thrombus af-
ter circulatory arrest has been achieved.
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LIVER TRANSPLANTATIONMOBILIZATION

Mobilization of the liver has been used success-
fully to treat similar tumors except in cases with
significant intra-atrial tumor thrombus burden.
Liver mobilization avoids the use of bypass, as
Fig.11. (A, B) Schematic demonstrating the removal of atr
the atrial component may be fractured and removed first
described by the authors’ group and by Ciancio
and colleagues.33–35 The liver is mobilized to the
left after the division of the ligamentum teres, falci-
form ligament, triangular ligament, and superior
coronary ligament of the liver. The porta hepatis
is accessed via the foramen of Winslow, and the
Pringle maneuver is employed. This technique
provides excellent access to the retrohepatic por-
tion of the vena cava and allows mobilization of the
liver from the vena cava, leaving only the major
hepatic veins in continuity. After liver mobilization
the surgeon can palpate and milk the tumor throm-
bus caudally below the confluence of the hepatics
veins to limit hepatic venous congestion associ-
ated with hepatic clamping. All cases are per-
formed with the use of transesophageal echo
monitoring.

SUPRADIAPHRAGMATIC ANDATRIALTUMOR
RESECTIONWITHOUT BYPASS

A case report from D’Ancona and colleagues36

describes the removal of a suprarenal tumor
thrombus using extracorporeal circulation and
deep hypothermic arrest without violation of the
thoracic cavity. After exposure of the vena cava,
the liver is retracted inferiorly to expose the
pericardium at the level of the diaphragmatic inser-
tion. Retraction again is facilitated via division of
multiple perihepatic ligamentous structures, as
described previously. A pericardial window
permits cardiac defibrillation. Extracorporeal
ial tumor thrombus. When tumor burden is too large,
.



Fig.12. Radical nephrectomy specimen and associated
tumor thrombus.
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circulation is established via the right femoral
artery and the right femoral and subclavian veins,
and core hypothermia to 20�C achieved before
circulatory arrest commences. Infrahepatic and
suprahepatic longitudinal incisions provide access
for thrombus removal. In contrast to other reports,
a nephrectomy is performed while gaining access
to the femoral circulation and before extra-
corporeal circulation is established. Chowdhury
and colleagues37 discuss another alternative for
intra-atrial tumor thrombus using cardiopulmonary
bypass, mild hypothermia, and an intermittent
cross-clamping of the supraceliac aorta to avoid
the risks associated with circulatory arrest.

ENDOLUMINAL OCCLUSION
AND CAVALTHROMBUS

The authors have used Fogarty balloon catheters
in efforts to eliminate thrombus from the vena
cava or, in some instances, thrombus that has
extended into the hepatic veins, into the
contralateral renal veins, or caudally toward the
common iliac bifurcation. Zini and colleagues38

describe an alternative technique of transesopha-
geal echocardiography–guided endoluminal
occlusion cranial to tumor thrombus, eliminating
the need for extensive caval mobilization. Although
the inherent risk of emboli during catheter place-
ment seems high, their series of 13 procedures
(6 retrohepatic and 7 suprahepatic) included only
one event, which was asymptomatic. The authors
claim that extensive caval mobilization used with
liver transplant techniques carries an even higher
risk of emboli. This technique should be
approached with caution when the thrombus
seems to invade caval wall, as evidenced by resis-
tance to the catheter placement.

LAPAROSCOPIC MANAGEMENT IN RENAL CELL
TUMOR THROMBUS

Laparoscopy has been used in the successful
resection of renal carcinomas with renal vein
thrombus via pure and hand-assisted approaches.
Intraoperative ultrasound can help establish the
extent of thrombus and guide the placement of
distal clamps.39 Hand-assisted approaches using
a subcostal incision also have been reported for
Fig. 13. Minimal access cardio-
pulmonary bypass using a para-
sternal incision.



Fig.14. Yankeur suction passed from the thoracic team
into the infradiaphragmatic IVC.
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treating tumors extending into the IVC.40 Urolo-
gists at the Cleveland Clinic successfully removed
a right atrial tumor thrombus in a calf model using
combined laparoscopy and thoracoscopy with
deep hypothermic circulatory arrest.41 Such
approaches are sure to surface with the continuing
rapid advances in minimally invasive surgical
techniques.

NEPHRON-SPARING SURGERY
AND TUMOR THROMBUS

The unfortunate patient who has a solitary kidney
and RCC with associated tumor thrombus and
decent performance status may be a candidate
for nephron-sparing surgery. Sengupta and col-
leagues42–44 have reported their experience as
well as additional case reports. These studies
showed limited oncologic success and a relatively
high rate of eventual completion radical nephrec-
tomy. The authors recommend that urologists
attempting these procedures be skilled in
extracorporeal bench surgery, renal autotrans-
plantation, and vena caval reconstruction with
the caveat that achieving negative margins is
more important than avoiding the need for renal
replacement therapy.

INTERRUPTION OF THE INFERIOR VENACAVA

Using MRI with gadolinium, Blute and col-
leagues45 have devised an approach for treating
bland tumor thrombus in the setting of RCC to pre-
vent unwanted pulmonary embolism. The authors
reviewed 160 patients who had thrombus extend-
ing 2 cm and more above the renal vein and iden-
tified 40 patients who had total or partial venous
occlusion and the presence or absence of associ-
ated bland thrombus. (It should be noted that any
attempt to resect or ligate the IVC should be pre-
ceded by efforts to preserve the integrity of the
lumbar drainage system.) Blute and colleagues
recommend ligating no more than two lumbar
veins. Patients who have a patent cava and no
associated distal or bland tumor thrombus can
be managed with cavatomy closure only. A par-
tially occluded vena cava with distal pelvic bland
thrombus can be managed with an interruption
caval filter. Patients who have a totally occluded
vena cava with associated bland thrombus are
treated by IVC staple ligation. In the latter group,
distal margins should be sent to pathology for fro-
zen-section analysis. The outcomes for these
groups fail to demonstrate any significant morbid-
ity and thus support the use of these techniques in
the management of retrograde bland tumor throm-
bus in this complex surgical population.
CAVAL RESECTION AND REPAIR

Tumor thrombus may invade the wall of the IVC
directly in up to 23% of patients, usually at the
ostium of the renal vein.46 At the Lahey Clinic,
the authors have had success using polytetra-
fluoroethylene substitution grafts. In cases requir-
ing median sternotomy and entry into the heart,
the authors also have used a portion of pericar-
dium to repair defects in the vena cava. An addi-
tional option includes autologous saphenous vein
grafts. Perhaps larger tumor thrombus burden,
as suggested by Zini and colleagues, should be
treated with cavectomy and interposition grafts
where appropriate. Previous publications, how-
ever, suggest that these grafts are associated
with increased morbidity and mortality, and their
use is not recommended at this time.
COMPLICATIONS

The incidence of complications often depends on
the level of tumor thrombus and the surgical
approach taken. Boorjian and colleagues47

reviewed their experience with more than 650
patients undergoing nephrectomy and tumor
thrombectomy and noted that the incidence of
early (<30 days) and late complications correlated
with thrombus level. Operative time and blood loss
followed the same trend. The present authors have
reported their experience with minimal-access



Table1
Operative and perioperative comparison of traditional (TMS) versus minimal-access (MA) cardiopulmonary
bypass26

TMSMedian (n 5 22) MAMedian (n 5 28) P-value

Operation 600 (295–995) 450 (270–761) <.001

Cardiopulmonary
bypass time

135 (50–217) 148 (86–265) .527

Circulatory arrest 33 (12–90) 34 (17–62) .880

Days ventilated 7 (1–110) 4 (1–46) .032

Length of stay 26 (2–114) 12 (5–45) .007

Transfusions 11 (4–50) 5 (2–15) .002

Overall complications 17 21 1.000

Pulmonary 12 7 .264

Cardiac 12 13 .741

Renal 6 4 .311

Infection 10 7 .210

Hepatic 7 5 .331

Data from Wotkowicz C, Libertino J, Sorcini A, et al. Management of renal cell carcinoma with vena cava and atrial throm-
bus: minimal access vs median sternotomy with circulatory arrest. BJU Int 2006;98(2):289–97.
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versus traditional approaches for circulatory arrest
with deep hypothermic circulatory arrest, showing
the former to have shorter operative time and
length of stay, less need for mechanical ventilatory
support, and fewer transfusions Table 1.26
CYTOREDUCTIVE NEPHRECTOMY
ANDMETASTECTOMY

Patients who have metastatic RCC face a poor
prognosis, with a median survival of 8 months
and a 2-year survival rate of 10% to 20%. A com-
bined analysis of the two sentinel trials elucidating
the benefits of cytoreductive nephrectomy (South-
west Oncology Group-8949 and European Organi-
zation for Research and Treatment of Cancer)
revealed a survival benefit of 13.6 months for
nephrectomy combined with interferon-alpha ther-
apy versus 7.8 months for interferon therapy
alone.48 Retrospective data from the UCLA group
suggest a more substantial survival benefit when
interferon alpha is replaced with interleukin-2.49

The underlying mechanisms of improved survival
with cytoreductive nephrectomy before systemic
therapy are not fully understood. The reduction in
growth factors, angiogenesis promoters, and
inhibitory immunomodulators by primary tumor
resection may enhance the efficacy of systemic
immunotherapy compared with immunotherapy
without prior cytoreductive nephrectomy.

First described by Barney and Churchill50 in
1939, the resection of pulmonary metastasis
remains an effective treatment for select patients.
Studies have attempted to define patient popula-
tions that would benefit from metastectomy
through subgroup analysis. Favorable prognostic
factors in resecting isolated pulmonary metastasis
include preoperative performance status, com-
pleteness of resection, number of lesions (fewer
than six), extent of lymph node involvement, and
length of disease-free interval. Patients having
synchronous lesions have significantly worse out-
comes.51,52 Properly selected patients may have
5-year survival rates exceeding 50%.51 At the
present time, metastectomy in nonpulmonary sites
such as the liver and brain is controversial and
should be considered investigational.
CLINICAL OUTCOMES

There has been a modest increase in the number
of IVC thrombectomies performed by urological
oncologists and in improved survival outcomes.
These results can be attributed to improved imag-
ing modalities and surgical planning as well as to
technological advances in intraoperative anesthe-
sia and postoperative intensive care management.
Table 2 summarizes recent reports from tertiary
centers with significant experience in surgical
management of RCC with tumor thrombus. The
debate concerning the prognostic significance of
tumor thrombus level with regards to the current
TNM staging system may be resolved best by
a multi-institutional meta-analysis.53–58



Table 2
Surgical outcomes for patients who had renal cell carcinoma and tumor thrombus

Author,Year No. Patients
TumorThrombus
Stratification

Complications
(%)

Operative
Mortality (%)

Survival Outcomes:
Cancer-Specific Survival (CSS)
and Disease-Specific
Survival (DSS) (%)

Blute 2007 659 0: renal vein (426)
I: % 2 cm above renal vein

(73)
II: at or above hepatic veins

(93)
III: above hepatic vein (35)
IV: above diaphragm (32)

Early surgical complications
Level 0: 12.4
Level I: 17.8
Level II: 20.4
Level III: 25.7
Level IV: 46.9
Late complications
Level 0: 24.4
Level I: 28.8
Level II: 33.3
Level III: 34.3
Level IV: 37.5
Complications
1970–1989: 13.4
1990–2006: 8.1

1970–1989: 3.8
1990–2006: 2.0

5-year CSS
Level 0: 49.1
Level I: 31.7
Level II: 26.3
Level III: 39.4
Level IV: 7
Level 0 versus I (P 5 .002)
Level I–IV (P 5 .868)
pN0/pNx, pM0: 59
pN1/pN2,pM1: 6
Histologic features
With tumor necrosis: 26
Without tumor necrosis: 61
With sarcomatoid: 3
Without sarcomatoid: 47
Perinephric fat invasion
Present: 32
Absent: 56

Fijusawa 2007 55 Level 1–IV
I: infrahepatic (22)
II: intrahepatic (20)
III: suprahepatic (10)
IV: into atrium (3)

— 3.6 CSS (all levels)
1 year: 74.5
3 years: 51.4
5 years: 30.3

Kalatte and
Belldegrun
2007

321 Renal vein: 166
IVC: 137
Atrium: 18

All complications
Renal vein; 12
IVC: 28
Atrium: 11

Renal vein: 2
IVC: 7
Atrium: 11

DSS (2/5/10-year)
Renal vein (58/41/24)
IVC (48/30/25)
Atrium (45/22/0)
Thrombus level (P 5 .53)
Overall immunotherapy
response rate: 19
Metastatic disease
Median survival: 16 months
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Parekh and Smoth 2005 49 Nevus classification
Level I: renal vein
Level II: infrahepatic IVC
Level III: retrohepatic to

diaphragm
Level IV:

supradiaphragmatic

Major complications: 6
Minor complications: 16

8 Overall 3-year survival
Negative lymph node: 75
Positive lymph node: 0

Ficarra and Patard 2001 142 Renal vein: 118
Subdiaphragmatic IVC: 24

— — DSS (5/10 year)
Renal vein (51.5/39)
IVC (33.4/0)
Thrombus level (0.231. NS)

Staehler and Brkovic 2000 74 Level I: <5 cm above renal
vein

Level II: >5 cm above renal
vein and below hepatic
veins

Level II:I above hepatic
veins and below
diaphragm

Level IV: above diaphragm

Major complications: 28 8 5-year overall survival (no
evidence of metastases)
Level I: 38
Level II: 38
Level III: 30
Level IV: 0
With evidence of

metastatic disease at
presentation,
median survival 5 13
months

Libertino (unpublished
data)

243 Renal vein: 87
IVC: 126
Atrium: 30

— 3 CSS (5/10 years)
Renal vein: 50/50
IVC: 35/25
Atrium: 20/15
Thrombus level (P 5 .04)

Abbreviation: NS, not significant.
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SUMMARY

The surgical resection of large renal tumors with
associated tumor and bland thrombus within the
IVC presents a challenge to the urological sur-
geon. Given the magnitude of many of these pro-
cedures, surgeons who have experience at
tertiary centers are most adept in their manage-
ment. The authors’ clinical experience is one of
the largest to date, and they hope this article
serves as guide to physicians treating this unique
population. They also commend their colleagues
who have encouraged alternative techniques
with equivalent outcomes that adhere to the prin-
ciples of urologic oncology.
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