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Abstract

Renal cell carcinoma (RCC) has a natural tendency to invade the venous system with formation of a venous tumor 
thrombus in the renal vein, which can extend proximally into the inferior vena cava (IVC) and in some cases into 
the right atrium. The presence of venous involvement significantly worsens prognosis. Despite recent advances in 
systemic therapies, surgery remains the most effective method of treatment and in the case of complete removal 
of all tumor, it provides satisfactory long-term survival and must be attempted whenever possible. Several surgical 
techniques have been proposed, but all are associated with a high rate of perioperative complications and mortality. 
Minimally invasive approaches are mainly applicable for less extended IVC thrombi, while open surgery remains the 
gold standard for this category of patients. Most IVC thrombi can be managed without use of circulatory support 
by using different methods of IVC control depending on the thrombus level. However, use of cardiac bypass with or 
without deep hypothermic cardiac arrest is indicated in some patients with bulky intraatrial tumor thombi. In select 
patients presenting with IVC tumor thrombus and synchronous distant metastases, cytoreductive nephrectomy with 
IVC tumor thrombectomy may be considered with or without neoadjuvant systemic therapy. Surgery for RCC with 
venous thrombus is complex and requires experienced multidisciplinary surgical, anesthesia, and critical care teams 
at high-volume centers to achieve the best outcomes.

Introduction

Venous tumor thrombus (VTT) involvement is identified in up to 10% of patients with RCC[1]. Currently, surgery 
remains the only curative approach for M0 RCC with IVC invasion. While an open approach is most commonly 
utilized, there is growing interest regarding the role for minimally invasive approaches in appropriately selected 
patients; however, there is limited data regarding long-term outcomes regarding these approaches. In select patients 
presenting with IVC tumor thrombus and synchronous distant metastases, cytoreductive nephrectomy with IVC 
tumor thrombectomy may be considered with or without neoadjuvant systemic therapy.

Classification of VTT in Renal Cell Carcinoma
An unusual hallmark of RCC is its predilection for vascular invasion. The VTT can then form a cast of the main 
renal vein (pT3a) and extend proximally into the inferior vena cava (IVC; pT3b), in some cases extending into the 
right atrium of the heart (pT3c) or can invade directly from the venous lumen into the endothelium (pT3c)[2]. 
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Recent estimates suggest that VTT is identified in 
approximately 1 in 10 patients with newly diagnosed 
RCC[3–12]. Involvement of the right cardiac chambers is 
encountered in 1% of cases[13].

VTT is classically categorized according to the 
height or extent of the VTT, according to the Mayo 
Classification system[14] (Table 1). The level of tumor 
thrombus is relevant not only from the perspective of 
oncologic prognosis but also in terms of anticipating 
surgical complexity and surgical planning[12].

Other features of the VTT such as direct invasion of 
the tumor thrombus into the endothelium and presence 
of bland thrombus are associated with both increased 
surgical complexity[15,16] and inferior cancer-specific 
survival[17–19].

Macroscopically, venous tumor thrombi can also be 
categorized according to their consistency, and may be 
described as either solid or friable, where friability has 
been associated with worse pathologic features and 
prognosis[20,21].

Pathophysiology of Tumor Venous 
Thrombosis and Clinical Manifestations  
of RCC with IVC Tumor Thrombus
Complete occlusion of the IVC by VTT or by proximal 
bland thrombus propagation has multiple potential 
physiologic consequences. IVC obstruction may result in 
lower-extremity edema, development of varicoceles, and 
pelvic pain from gonadal vein obstruction.

Reduced venous return to the right atrium (reduc-
tion in preload) may lead to hemodynamic instability, 
and altered mental status and death. Other commonly 
reported symptoms may include fatigue, dizziness, 
weight loss, night sweats, anorexia, palpitations, diapho-
resis, dizziness, and shortness of breath on exertion[22].

Failure of the kidneys to have adequate venous drain-
age can result in progression of renal insufficiency. 
Similarly, obstruction of the hepatic veins can lead to 
hepatic congestion, which presents with transami-
nitis, hepatic insufficiency, ascites, and Budd-Chiari 
syndrome[23–26].

Up to 5% of patients with RCC and IVC tumor throm-
bus may present with pulmonary embolism[27–29]. 
Finally, level IV IVC tumor thrombus that grows into 

the right atrium can cause atrioventricular blockage 
with acute heart failure and death.

Collateral venous return in the setting of IVC 
obstruction may include drainage via the azygos-hemi-
azygos circulation, vertebral pathways via prominent 
lumbar veins, collateralization of the portal-venous 
system, as well as via aberrant parasitic vessels or super-
ficial/subcutaneous veins, as is observed in patients 
presenting with a “Caput medusa”[30,31]. The degree of 
collateralization depends on the duration and extent of 
the IVC obstruction.

Diagnostic Imaging and Staging
Staging evaluation consists of cross-sectional imaging of 
the chest, abdomen, and pelvis to characterize the size of 
the primary tumor and assess for potential involvement 
of adjacent structures or distant metastases. Cross-
sectional imaging provides critical details regarding 
the level of the thrombus, the presence or absence of 
IVC occlusions, the degree of venous collateralization, 
and the volume and location of association bland 
thrombus[22,32,33]. Multiphase computed tomography 
(CT) and magnetic resonance imaging (MRI) are 
acceptable staging imaging modalities. In patients 
with lower-extremity edema, a Doppler ultrasound 

Abbreviations 
IO immuno-oncology therapy 
RCC renal cell carcinoma
VTT venous tumor thrombus

TABLE 1. 

Classification of VTT level in RCC:  
The Mayo Classification system14 

Level Anatomic landmark

0 Thrombus is limited to the segmental or main renal vein, 
detected clinically or during pathologic evaluation.

I Thrombus extends into the infradiaphragmatic IVC,  
within 2 cm of the renal vein ostium.

II
Thrombus extends into the infradiaphragmatic  

IVC, > 2 cm above the renal vein ostium but below  
the confluence of the hepatic veins.

III Thrombus extends into the infradiaphragmatic IVC,  
above the confluence of the hepatic veins.

IV Thrombus extends above the diaphragm, and  
may involve the right atrium.

IVC: inferior vena cava; RCC: renal cell carcinoma;  
VTT: venous tumor thrombus.
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(US) is indicated to assess the venous patency of the 
lower extremities. Also, in patients with neurological 
symptoms, head imaging (CT or MRI) should be 
obtained to rule out brain metastases. Venography 
is not currently utilized to evaluate for VTT due to 
its invasiveness and moderate risk for associated 
complications[34].

At the time of surgery, transesophageal echocardi-
ography can provide real-time, additional information 
regarding the upper extent of the thrombus and involve-
ment of the intra- and supra-hepatic IVC, hepatic veins, 
and right atrium. It can also provide helpful information 
regarding the mobility of the thrombus[35].

Neoadjuvant Therapy Before Radical 
Nephrectomy and Thrombectomy

There is no level I or II evidence of presurgical 
systemic therapy in either nonmetastatic or metastatic 
RCC VTT. Retrospective studies have been undertaken 
and these have focused on mixed groups of targeted 
therapies[36–39]: sunitinib[40,41], axitinib[42], and 
pazopanib[43]. NAXIVA is a phase 2 feasibility clinical 
trial (NCT03494816) that was undertaken to determine 
the safety, efficacy, and effect of neoadjuvant axitinib on 
VTT[44].

Drug and surgery-related adverse events were as 
expected, with Clavien-Dindo grade ≥3 complications 
observed in 11.8% (2 of 17) of patients. The trial provided 
initial evidence that vascular endothelial growth factor 
receptor tyrosine kinase inhibitors (VEGFR TKIs) 
can successfully downstage VTT (75% [15 of 20] with 
reduction in VTT length, 35.3% [7 of 20] with reduc-
tion in Mayo level), leading to a reduction in the extent 
of surgery in 41.2% (7 of 17) of patients[44]. However, 
before this strategy can be considered for routine clinical 
practice, future randomized studies evaluating contem-
porary standard of care treatment combinations (immu-
no-oncology therapy [IO]/IO or IO/TKI) are needed.

Surgical Technique of Radical 
Nephrectomy with IVC Thrombectomy
Surgery in patients with level III and IV VTT is 
generally performed through midline, chevron, or 
thoracoabdominal incision.

To minimize the morbidity associated with a thora-
coabdominal approach, radical nephrectomy and 
thrombectomy may be performed via midline abdom-
inal approach, which can be used for all levels of VTT.

Regardless of the primary tumor laterality, the access 
to the retroperitoneum is achieved by incising the poste-
rior peritoneum lateral to the ascending colon. The 
right colon is reflected medially, and the duodenum is 

kocherized to expose the anterior surface of the IVC 
and aorta. Early ligation of the renal artery decreases 
the bleeding from venous collaterals and may permit for 
retraction of the cephalad most extent of the VTT. The 
mobilization of the kidney should be deferred until after 
complete vascular control is achieved.

Thrombectomy in Patients with Level I-III 
Tumor Thrombus
After ligation of the renal artery, the vena cava is 
completely dissected from the surrounding structures 

above and below the renal vein. Rummel tourniquets or 
vascular clamps are placed around the infrarenal IVC, 
contralateral renal vein, and suprarenal IVC cephalad to 
the superior extent of the VTT.

In patients with a subhepatic level II VTT, several 
(2–4) accessory hepatic veins from the caudate lobe 
of the liver are ligated and divided. As a result of this 
maneuver, 3 to 5 cm of additional IVC is exposed.

In the case of the right-sided primary, the right 
kidney is then completely mobilized outside Gerota's 
fascia, leaving the kidney attached only by the renal vein. 
In the case of a left-sided tumor, the kidney is mobilized 
only after completion of thrombectomy.

The tourniquets on infrarenal IVC, contralateral 
renal vein, and IVC above the upper extent of the throm-
bus are sequentially closed (Figure 1A). The antero-lat-
eral wall of the subhepatic vena cava is longitudinally 
incised, and the thrombus is extracted with blunt and 
sharp dissection from the vessel wall, followed by a 
circumferential excision of the ostium of the renal vein 
(Figure 1B). After evaluating for remnant thrombus 
fragments adhering to the IVC intima, the defect of the 
IVC is closed with a 4–0 running vascular suture, the 
cavorraphy is backbled to avoid an air embolism, and the 
clamps are removed in the following order: (1) suprare-
nal IVC, (2) contralateral renal vein, (3) infrarenal IVC.

The management of patients with level III VTT 
requires mobilization of the liver, which allows for expo-
sure of the intrahepatic and subdiaphragmatic segments 
of the IVC (Figure 2A). Resection of a level III VTT can 
be safely performed in most of the cases without circu-
latory support[45,46]. IVC above the upper extent of 
the thrombus is controlled at the intrapericardial level 
by using the transdiaphragmatic approach. Absence of 
tributaries makes circular mobilization of the intraperi-
cardial part of the IVC significantly easier to perform 
compared with subdiaphragmatic circular mobiliza-
tion. To accomplish a transdiaphragmatic IVC clamp, 
the diaphragm and underlying pericardium are incised 
above the IVC. Incision of the pericardium on both sides 
of the intrapericardial IVC allows for passing a tourni-
quet around the intrapericardial IVC[47] (Figure 2A). 
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Alternatively, the pericardium can be separated from 
the incised diaphragm and left intact. The advantages 
of approaching the intrapericardial IVC through a 
diaphragmatic incision include simplicity, decreased 
surgical trauma, and the ability to perform the proce-
dure by one surgical team using a strictly abdominal 
approach[46,47].

The hepatoduodenal ligament is isolated to control 
the hepatic circulation with a Pringle maneuver. After 
closure of all tourniquets with a Pringle maneuver, the 
IVC is incised at the retrohepatic level. Widely opening 
the IVC at this level allows the surgeon to perform visual 
inspection of the ostium of the major and minor hepatic 
veins.

Following thrombectomy, the closure of the upper 
part of the cavotomy is started. As soon as the suture line 
reaches the subhepatic portion of the IVC, a Satinsky 
clamp is placed above the last stitch, the tourniquet 
from the intrapericardial IVC and the Satinsky clamp 
from the hepatoduodenal ligament are released, thereby 
restoring hepatic circulation and venous blood return to 
the right atrium. The rest of the procedure is similar to 
cases with level II VTT. Ideally, the thrombus is removed 
en bloc with the kidney (Figure 2B).

In patients with level III VTT and left-sided primary, 
the tourniquets are placed on the right renal vein (or 
right renal artery), while the left renal vein is sutured 
and divided with a TA stapler prior to thrombectomy. 
Contraindication for this approach includes partial left 
renal vein and IVC occlusion by a thin tumor thrombus, 
which may dislodge and cause pulmonary embolization. 
Transection of the left renal vein in patients with fixed 
IVC thrombi is safe and allows for greater IVC mobility, 
provides good access to the left renal artery and aorta, 
and facilitates en bloc removal of the thrombus with the 
ostium and VTT-containing stump of the left renal vein.

In cases where a level III thrombus is free floating, 
the thrombus can be extracted via an infrahepatic-only 
cavotomy similar to patients with level II VTT.

Thrombectomy in Patients with 
Supradiaphragmatic (Level IV) Tumor 
Thrombus
In general, the approaches used for supradiaphragmatic 
thrombectomy can be divided into those that use 
any type of circulatory support, and those that avoid 
it. No surgical method was shown to be superior for 
the excision of VTT. Most patients with nonadherent 
intraatrial thrombus can be managed without circula-
tory support[45–47].

FIGURE 1. 

Radical nephrectomy with thrombectomy in cT3bN0M0 RCC of the right kidney with level IV tumor thrombus 

1A   Tourniquets are closed on the infrarenal IVC and RRV;  
Satinsky clamp is positioned above the thrombus.

1B   IVC is incised, and tumor thrombus is visualized in the IVC lumen.IVC: 
inferior vena cava; LRV: left renal vein; RCC: renal cell carcinoma;  
RRV: right renal vein
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From a practical point of view, level IV thrombi 
can be subdivided into intrapericardial and intraatrial 
VTT. The first steps of the procedures are the same for 
either case, and follow the techniques described above 
for patients with level III tumor thrombi. In patients 
with intrapericardial thrombus only, there is no need 
for complete mobilization of the intrapericardial IVC. 
Instead, only incisions of the pericardium on both sides 
of the intrapericardial IVC are performed for tourniquet 
placement.

On the contrary, in the case of an intraatrial throm-
bus, the intrapericardial IVC needs to be completely 
mobilized so that it can be encircled at the cavoatrial 
junction. The diaphragm at the IVC hiatus must be 
completely mobilized from the IVC to widen the natu-
ral narrowing for safer extraction of the thrombus from 
the right atrium (Figure 3A) The upper tourniquet on 
the intrapericardial IVC is left unclamped until the 
apex of the thrombus is removed from the heart. After 
all other tourniquets are sequentially clamped with a 
Pringle maneuver, the incision of the retrohepatic IVC is 

continued up to the cavoatrial junction. The thrombus is 
gently mobilized from the retrohepatic IVC (Figure 3B). 
If the head of the thrombus is mobile, the retrograde 
blood f low from the right atrium will evacuate the 
thrombus. If the thrombus is adherent to the vessel wall, 
the incision is extended on the intrapericardial IVC and 
the thrombus is resected from the intima of the intra-
pericardial IVC under direct visualization. In the case 
of a large head of the tumor thrombus, the incision may 
even be extended 5 to 10 mm on the right atrium wall 
(Figure 4). As soon as the thrombus is evacuated from 
the right atrium and the intrapericardial IVC, the upper 
tourniquet is closed. The rest of the procedure progresses 
as described above for patients with level III thrombus.

The majority of cases with level IV thrombus can be 
managed without circulatory support unless the head of 
the thrombus is too bulky for removal without perform-
ing wide atriotomy. Thrombi that have a long history 
of surveillance and those that shrank after preoper-
ative systemic therapy may be adherent to the vessel 
wall. Removal of the thrombus in these patients may be 

FIGURE 2. 

Radical nephrectomy with thrombectomy in cT3bN0M0 RCC of the right kidney with level III tumor thrombus 

2A   Mobilization of the liver. Several short hepatic veins have been 
divided (green arrows). Tourniquets have been applied to the 
infrarenal IVC, left renal vein, and intrapericardial IVC. 2B   Surgical specimen: kidney with the tumor thrombus en bloc.
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associated with excessive blood loss. Circulatory support 
in these circumstances helps to maintain hemodynamic 
stability.

Thrombectomy in Patients with Tumor IVC 
Wall Invasion and/or Descending Bland 
Thrombosis
Vena cava resection is required in cases where the wall 
of the IVC is directly invaded by tumor. Repairs of the 
IVC include primary repair by venorrhaphy, prosthetic 
and autologous patch repair, and circumferential 
complete IVC replacement. In the majority of cases, 
resection of the dilated part of IVC does not result in 
clinically significant IVC narrowing, and primary 
cavorraphy is preferred. Indications for prosthetic repair 
include narrowing of IVC of > 50%. However, grafts 
expose patients to an increased risk for infection and 
thrombosis. Therefore, the optimal management of the 
IVC after resection is controversial[47].

Descending thrombosis in patients with RCC and 
VTT is quite frequent and occurs in 9.8% of patients[48]. 
Bland infrarenal IVC thrombus carries the risk for 
embolization, and recurrence from residual tumor cells, 
which can be found in 16% at the margin of tumor and 
bland thrombus. IVC interruption or segmental resec-
tion is required in most of the cases. The infrarenal IVC 
can be safely resected without reconstruction below the 
level of the proximal bland thrombus or just above the 
IVC bifurcation without any consequences[46,48–50]. 

FIGURE 3. 

Radical nephrectomy with thrombectomy in cT3bN0M0 
RCC of the left kidney with level II tumor thrombus 

3A.  Tourniquet on the intrapericardial IVC.

3B.   The cephalad part of the thrombus is evacuated from the IVC lumen. IVC: inferior vena cava; RCC: renal cell carcinoma.
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Most authors indicate that lower-extremity edema after 
ligation of the IVC occurs rarely, is well tolerated, and 
resolves spontaneously[49,50].

The suprarenal IVC can be safely resected with liga-
tion of the left renal vein in patients with right-sided 
RCC with VTT. The collateral venous return from 
the left kidney is sufficient to preserve normal renal 

function. Thus, resection of the IVC en bloc with right-
sided RCC and tumor thrombus from the level of the 
major hepatic veins to the level of IVC bifurcation (en 
bloc cavectomy) can be performed without reconstruc-
tion[20,48] (Figure 5).

In patients with left-sided RCC, the right renal vein 
must be spared to preserve adequate venous drainage 
from the kidney.

Minimally Invasive Radical Nephrectomy and 
IVC Thrombectomy
Since the first report of laparoscopic IVC thrombectomy 
in 2000, numerous studies have highlighted the 
feasibility of minimally invasive techniques[51–62].

Most minimally invasive IVC thrombectomies have 
been performed on right-sided renal tumors[52]. Some 
have advocated that in individuals with left-sided renal 
tumors, preoperative arterial embolization may be bene-
ficial due to the limited access to the left renal artery 
while the patient is in the flank position with the right 

FIGURE 4. 

Radical nephrectomy with thrombectomy in cT3bN0M0 RCC of the right kidney with large intraatrial level IV  
tumor thrombus 

4A.   CT scan shows large intraatrial thrombus.

4B.   Surgical Specimen: right kidney with tumor thrombus  
removed en bloc.

4C.   Suture line on the intrapericardial IVC ending at the cavoatrial 
junction.
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side up[57]. Regardless of the tumor laterality and the 
decision regarding embolization, the “thrombus first” 
approach is necessary: the IVC thrombectomy should be 
completed prior to nephrectomy.

Most surgeons performing minimally invasive IVC 
thrombectomies prefer a transperitoneal approach. 
Applied in both pure laparoscopic and robot-assisted 
techniques, a transperitoneal approach may be used for 
thrombi associated with both right- and left-sided renal 
tumors[57,58]. Regardless of the laterality of the renal 
mass, the patient is placed in the left lateral decubitus 
position with the right side up. A12-mm camera port is 
inserted with additional three or four ports placed in a 
paramedian or mid-clavicular vertical line. Typically, 
one small port is placed at the sub-xiphoid region for 
liver retraction as well as an additional 12-mm assistant 
port[52,57,62,63]. The dissection is begun with an inci-
sion to the posterior peritoneum, followed by mobiliza-
tion of the colon medially, duodenal kocherization, and 
exposure of the IVC and the renal vessels[51,52,61–66].

Minimally Invasive Level 0-I-II Thrombectomy
Early arterial ligation may help to slightly reduce the 
size of the thrombus. Ligation of the renal artery (with 
either an endo-GIA stapler or Hem-o-lok clips) may be 
performed at the hilum or in the interaortocaval space.

For thrombi limited to the renal vein, the latter may 
become flattened and allow for the thrombus to be 
“milked” away from the IVC. An interoperative US is help-
ful to identify of the extent of the thrombus[58,67]. For 
left-sided level I tumor thrombi, one should consider doing 
the surgery in the right lateral decubitus (if th  e thrombus 
appears that it can be milked away from the IVC).

For IVC thrombi projecting less than 2 cm into the 
IVC, dissection of the contralateral renal vein and 
preplacement of a vessel loop with a secured Hem-o-lock 
clip (Rummel tourniquet) for later identification and 
cinching is often performed[68]. Simple use of laparo-
scopic bulldogs can be safely performed to cross-clamp 
the cava and contralateral vein[66].

FIGURE 5. 

En bloc resection of the IVC with RCC and associated caval thrombus

LRV

IVC
Bifurcation

Main
Hepatic Veins

5A.   Schema.

5B.   Surgical specimen: resected IVC with tumor thrombus en bloc with 
the kidney. Resected IVC: pink arrow; tumor thrombus: blue arrow. 
IVC: inferior vena cava; LRV: left renal vein; RCC: renal cell 
carcinoma.
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Similar to level 0 thrombi, VTT exclusion with exci-
sion of a small IVC cuff surrounding the renal vein 
ostium may be employed via the laparoscopic Satinsky 
clamp and vascular stapler[52,69]. For larger level I and 
level II thrombi, the IVC must be cross-clamped and the 
right adrenal vein may require ligation. For right-sided 
thrombi, Rummel tourniquets or the vascular bulldogs 
should be cinched in the following order: (1) infrare-
nal IVC, (2) left renal vein, and (3) suprarenal IVC. For 
left-sided thrombi, the right renal artery should also 
be controlled with a vascular bulldog to prevent right 
renal engorgement[62]. Incision of the IVC is performed 
until the cephalad extent of the thrombus is delivered. 
The renal vein is circumferentially excised at the level 
of the ostium of the IVC. Upon thrombus removal, 
irrigation of the IVC lumen with heparinized saline is 
performed[52,55,60,69]. Closure of the IVC with 4–0 
prolene sutures in a single layer allows for excellent 
hemostasis.

Minimally Invasive Level III Thrombectomy
Initially performed by Bratslavsky and Cheng in March 
of 2013 for an 11-cm IVC thrombus, this surgery 
remains technically demanding and dangerous[51].

Incision of the right triangular ligament and cephalad 
retraction of the liver will expose the retrohepatic IVC. 
Short hepatic veins from the caudate lobe can be ligated 
using laparoscopic clips[51,56]. Rummel tourniquets are 
cinched in the same order as in cases of level II thrombi.

For left-sided thrombi, transecting the ipsilat-
eral renal vein with an endo-GIA vascular stapler is 
often employed, as the rest of the left renal vein will be 
removed with the specimen[57]. Upon en bloc throm-
bus removal with the renal vein stump closure of the 
cavatomy is performed with restoration of blood flow 
via the IVC. The patient is then repositioned and the left 
nephrectomy is completed.

Results of Surgical Management of RCC 
with VTT 
Invasion of the venous system by RCC has long 
been associated with a poor prognosis[70]. However, 
the ability to provide a durable cure for some RCC 
patients provided a rationale for aggressive surgical 
management[71].

A systematic review of surgery for RCC with IVC 
thrombus cited major perioperative complication rates 
as high as 70% and perioperative mortality rates ranging 
from 3% to 16%[72].

Most data demonstrate increased mortality as throm-
bus height increases, with higher mortality observed 
in patients with IVC thrombus that extends above the 
diaphragm or above the hepatic confluence of veins 

(Neves/Mayo level III and IV)[14]. Early mortality rates 
from notable studies range from 8% to 22%[8,11,12,73–76].

No difference in mortality was observed between 
centers or among patients treated with cardiopulmonary 
bypass, similar to later reports[73]. Hospital volume 
and surgeon volumes are associated with early mortal-
ity[77–79]. Patients with metastatic RCC have a signifi-
cantly worse prognosis compared to locally advanced 
RCC, with a cumulative mortality of 32% in the  
9 months following surgery for metastatic patients[80].

Perioperative Complications
In population-level data, Toren et al. estimated the 
overall complication rate to be 78% in 633 patients 
treated with nephrectomy and IVC thrombectomy, 
including a 37% rate of surgical complications[79]. 
Similar overall rates of complications have been reported 
at large centers[72,81], with Blute et al. demonstrating 
that 30-day complication rates varied from 9% to 30% 
stratifying from thrombus level 0 to IV[28].

Commonly reported intraoperative complications 
include hemorrhage, injury of adjacent structures, and 
cardiac events[28]. Tumor thrombus embolization is a 
feared complication that occurs in 1.5% of patients and 
is associated with a reported 75% risk for mortality[82]. 
Early postoperative complications include hemor-
rhage requiring transfusion, venous thromboembolic 
events, cardiac events, pulmonary events, renal fail-
ure, and infectious complications. Late complications 
may include lower-extremity edema, chronic renal 
insufficiency, and incisional hernia[28]. Independent 
predictors of major complications include preoperative 
systemic symptoms (weight loss or fatigue) and throm-
bus level[83]. Use of cardiac bypass or deep hypothermic 
cardiac arrest was not identified as a predictor of major 
complications in this study[83] or subsequent analy-
ses[73]. Complication rates are lower at higher-volume 
centers[77] and with more experienced surgeons[79].

Oncologic Outcomes
Managed expectantly, RCC with VTT is associated with 
a median survival of 5 months with increased risk for 
cancer-specific mortality observed with pT3b/c and 
metastatic disease[84]. In a population-based study of 
patients treated with nephrectomy and venous tumor 
thrombectomy, 1-year overall survival in patients with 
localized disease was 90%[85]. A 5-year, cancer-specific 
mortality in patients with RCC and VTT ranges from 
40% to 60%[28,86–88]. Prognostic factors associated 
with cancer-specific mortality include increasing level 
of VTT, nodal and systemic metastases, advanced 
Fuhrman grade, non-clear cell histology, and increasing 
tumor size[10,81,82,86,89–91].
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Conclusion
Renal cell carcinoma with venous thrombus provides 
a fascinating example of seemingly implausible tumor 
biology. Although these aggressive tumors have acquired 
the ability to invade and shed tumor cells into the largest 
blood vessel in the human body, some patients do not 
develop metastatic disease and may be cured when 
treated with definitive, aggressive surgery resulting in 
complete extirpation.

Surgery for RCC with venous thrombus is complex 
and requires experienced multidisciplinary surgi-
cal, anesthesia, and critical care teams at high-volume 
centers to achieve ideal outcomes. The use of presur-
gical and postsurgical systemic therapies is likely to 
increase with advances in systemic therapy in the future 
and represents a high-priority area for contemporary 
investigation.
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