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Abstract
Purpose of Review The aim of this review is to describe the preoperative evaluation, surgical techniques, and postoperative
management of patients with renal cell carcinoma (RCC) undergoing radical nephrectomy (RN) and inferior vena cava (IVC)
thrombectomy.
Recent Findings RN and IVC thrombectomy remains the standard management option in non-metastatic RCC patients with IVC
thrombus. A comprehensive preoperative workup, including high-quality imaging, blood works, and appropriate consultations
are required for all patients. The aim of the surgery is complete resection of all tumor burden, which requires a skillful surgical
team for such a challenging procedure and is inherently associated with a high rate of perioperative morbidity and mortality.
Summary Preoperative CT or MRI is essential for surgical planning. The surgical approach is mainly determined by the level of
the tumor thrombus. The open approach has been the standard, thoughminimally invasive and robotic techniques are emerging in
selected cases by experienced surgeons.
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Introduction

Involvement of renal vein or inferior vena cava (IVC) is seen
in up to 10% of the renal cell carcinoma (RCC) cases, of
which 1% extends to the right atrium [1]. Tumor thrombus
is a significant adverse prognostic factor in these patients, and
the thrombus level is an independent predictor of survival [2].
The 1-year disease-specific survival of untreated RCC with
venous tumor thrombus is 29% that improves significantly
following radical nephrectomy (RN) and venous
thrombectomy [3, 4]. Ciancio et al. reported a 5-year dis-
ease-free survival of 64% in RCC patients with any level of
IVC thrombus following surgery [5]. The survival rate has
been improving in recent years with the introduction of novel
therapeutic agents. However, aggressive surgical resection re-
mains the default management option in non-metastatic RCC
patients with IVC thrombus, irrespective of the thrombus level
[6, 7]. It is a challenging procedure with high difficulty and

potential mortality. Surgical approach for the IVC
thrombectomy varies mainly based on the thrombus level
and the surgeon’s experience. These complex surgeries re-
quire an excellent experience of a multi-disciplinary team in-
cluding urologists and anesthesiologists, as well as cardiotho-
racic and vascular surgeons in selected cases. In this report, we
describe the preoperative evaluation, surgical techniques, and
postoperative considerations of patients with RCC undergoing
RN and IVC thrombectomy.

Preoperative Evaluation

The most important part of the preoperative workup is to de-
termine the level of the tumor thrombus, which is essential for
the surgical planning. Several classifications have been pro-
posed to describe the cephalad extent of the IVC thrombus
(Table 1) [8–11]. The Mayo staging system is the most com-
mon classification that was originally defined by Neves and
Zincke in 1987 (Table 1-B). Ciancio et al. proposed a modi-
fied staging system and subdivided the level III thrombi into 4
groups (Table 1-C). In addition, Blute et al. characterized dif-
ferent patterns of the bland thrombus inferior to the tumor
thrombus in RCC cases to help with the preoperative surgical
planning (Table 1-D).
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Imaging

Historically, vena cavography was the gold standard for eval-
uation of IVC thrombus. However, the use of this modality is
now limited due to its invasive nature, need for high contrast
loads, and risks of complications [12]. Ultrasonography (US)
is a non-invasive, though largely operator-dependent imaging
modality that can be used for the evaluation of thrombus. The
sensitivity of US in detecting tumor thrombus is dependent to
the thrombus level and is reported as low as 68% below the
level of hepatic vein insertion. Furthermore, the renal vein and
IVC are not completely visualized by US in 12.5% and 43.5%
of cases, respectively [13]. Contrast-enhanced ultrasound
(CEUS) is emerging as a valuable imaging modality that can
enhance the accuracy of conventional US. Li et al. recently
evaluated the accuracy of CEUS in detecting bland from tu-
mor thrombus in patients with RCC and reported the sensitiv-
ity and specificity of 87.5% and 100%, respectively [14•].

Nowadays, the two most commonly used imaging modal-
ities for the evaluation of IVC thrombus as well as metastatic
workup in patients with RCC are computed tomography (CT)
scan and magnetic resonance imaging (MRI). Multi-phasic
contrast-enhanced CT is the standard imaging technique for
the diagnosis and staging of RCC. It has a sensitivity and
specificity of 93% and 97% in detecting tumor thrombus,
respectively [12, 15, 16]. MRI has a higher sensitivity (up to
100%) in detecting IVC thrombus and may provide additional
information on venous involvement if the extent of thrombus
is poorly defined on CT. It can distinctly show the relationship
of the thrombus to other vital structures including the liver and
heart and differentiate specifically between bland and tumor
thrombus [12]. The European Association of Urology (EAU)
and National Comprehensive Cancer Network (NCCN)
guidelines recommend MRI to better evaluate venous in-
volvement in patients with RCC and IVC thrombus (https://
uroweb.org/guideline/renal-cell-carcinoma/, https://www.
nccn.org/professionals/physician_gls/pdf/kidney.pdf).
Timing of the imaging is of utmost importance for the surgical
planning; it is recommended that CT/MRI to be done within
30 days, and ideally ≤ 14 days before surgery [17].

Consultations

Anesthesia consult should be performed for > 50 years of age
and/or high-risk patients [17, 18]. An anesthesiologist who is
familiar with the rapid fluid shifts, cardio-pulmonary bypass
(CPB), and transesophageal echocardiogram (TEE) is pre-
ferred for this procedure. Cardiology consult is recommended
for patients if two or more risk factors for coronary artery
disease exist (e.g., hypertension, hyperlipidemia, diabetes,
and smoking) [17]. If CPB or veno-venous bypass (VVB) is
anticipated in cases of a higher level thrombus (III or IV),
coronary angiography and cardiothoracic consult should be
performed [12, 17]. If the primary surgeon does not have
expertise with complex vascular reconstruction, specifically
in patients with preoperative findings of extensive intravascu-
lar tumor and/or higher level tumor thrombus, a vascular sur-
geon should also be consulted [18].

Anticoagulation

All patients with occlusive IVC tumor and/or bland thrombus
and those with recent thromboembolic events may benefit
from preoperative anticoagulation [17–19]. Low molecular
weight heparin (LMWH) is preferred with the last dose be
administered 24 h prior to the surgery. Warfarin can be used
as an alternate with a target international normalized ratio
(INR) of 2–3. It should be stopped at least 5 days prior and
bridged till operation [20].

Table 1 Different classification systems for the IVC thrombus in RCC
patients

A- AJCC TNM staging system:[8]

T3a: tumor extension into the renal vein, but not IVC

T3b: IVC involvement below the diaphragm

T3c: IVC involvement above the diaphragm

B- Mayo staging system:[9]

Level 0: thrombus extending to the renal vein

Level I: thrombus extending into the IVC to no more than 2 cm above
the renal vein

Level II: thrombus extending into the IVC to more than 2 cm above the
renal vein but not to the hepatic vein

Level III: thrombus extending into the IVC to above the hepatic vein but
not to the diaphragm

Level IV: thrombus extending into the supradiaphragmatic IVC or right
atrium

C- Ciancio et al:[10]

Level I: renal vein

Level II: infrahepatic IVC

Level III: retro-hepatic IVC

IIIa: below major hepatic veins

IIIb: reaching the ostia of major hepatic veins

IIIc: extending above major hepatic veins, but below diaphragm

IIId: supradiaphragmatic IVC, reaching intrapericardial IVC, but
infra-atrial (outside right heart)

Level IV: right atrium

D- Blute et al:[11]

A: IVC without occlusion, no associated distal or bland thrombus

B: IVC partially occluded, distal bland thrombus in the pelvis only

C: partial IVC occlusion by tumor thrombus, associated bland thrombus

D: total occlusion of the IVC by tumor thrombus, associated bland
thrombus
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Renal Angioembolization

Preoperative renal embolization (RAE) has been studied to
facilitate RN of RCC cases with venous thrombus. The aim
of RAE is to decrease blood loss, allow early control and
ligation of venous system, and decrease the cephalad extent
of the IVC thrombus [21]. There is no prospective randomized
trial available demonstrating the clinical or oncologic out-
comes of RAE in this setting. Although some older studies
have reported encouraging results, especially with decreased
intraoperative blood loss [22], recent studies have
shown no benefit of RAE before RN and IVC
thrombectomy. Subramanian et al. have shown that rou-
tine preoperative RAE in RCC patients with IVC throm-
bus does not provide any measurable benefit in reducing
blood loss or complications and maybe associated with
increased major perioperative complications and mortal-
ity [23]. Chan et al. similarly reported increased operat-
ing time, blood loss, hospital stay, and perioperative
mortality in patients who underwent RAE prior to RN
and IVC thrombectomy [24]. Therefore, according to
the available evidence, routine preoperative RAE is not
recommended in patients with RCC and IVC thrombus.
We endorse RAE only in patients with bulky retroperi-
toneal lymph nodes that get access to renal artery is
d i f f i c u l t , s e l e c t e d m i n ima l l y i n v a s i v e IVC
thrombectomies, and patients with religious belief not
to accept blood (Jehovah’s witness).

IVC Filter Placement

The role of preoperative IVC filter placement remains
uncertain. Blute et al. recommended to avoid preopera-
tive IVC filters in patients with resectable tumors be-
cause it may lead to incorporation of the tumor in the
filter, which increases the difficulty of complete resec-
tion [11]. However, IVC filters may be placed at the
physician’s discretion in patients with continued pulmo-
nary emboli (PE) despite anticoagulation or those with
contraindication to anticoagulation. If an IVC filter is
required, it is recommended to be placed within 48 h
before surgery to reduce the incidence of thrombus in-
filtration into the filter [12, 17].

Surgical Management

The aim of the surgery in patients with RCC and IVC
tumor thrombus is complete resection of all tumor bur-
den to achieve negative margins. It includes RN, tumor
thrombectomy, and possible IVC resection with or with-
out vascular reconstruction.

Surgical Approach

The choice of surgical approach (i.e., open vs. minimally in-
vasive and necessity of vascular bypass) is mainly determined
by the level of the tumor thrombus. Other characteristics of the
tumor including size, location, and collateral vessels as well as
surgeons’ experience and preference may also contribute to
the decision [12, 18]. Open approaches can be performed
through midl ine , an te r io r subcos ta l /chevron or
thoracoabdominal (modified), or flank incisions [25]. For
supradiaphragmatic thrombi, median sternotomy or right-
sided thoracoabdominal incision can provide appropriate ex-
posure to the supra- and retro-hepatic IVC and intrathoracic
access to the heart for possible CPB [18]. Although the open
approach is generally favored, minimally invasive approaches
especially robotic techniques have evolved considerably, and
successfully been applied by experienced surgeons in high-
volume centers [26].

Transesophageal Echocardiography

Real-time transesophageal echocardiography (TEE) is neces-
sary to assess the thrombus features (i.e., shape, mobility, and
size), and to delineate the level of the thrombus at the time of
surgery. It is also helpful to evaluate cardiac function,
any potential thrombus dislodgment (e.g., during the
vascular intervention), and embolization of associated
bland thrombus [27, 28].

Level I

Level I thrombectomy can be performed via open or minimal-
ly invasive approaches. In both approaches, early ligation of
the renal artery is recommended in order to reduce the intra-
operative blood loss [29]. The small, well-rounded thrombi
can often be milked back to renal vein and a Satinsky vascular
clamp be used on vena cava around the ostium. However,
milking might be challenging with rather fat or filamentous
thrombi, since it may shatter the thrombus and/or left it outside
of the vascular clamp into the bloodstream. For larger volume
thrombi, proper vascular control above and below the throm-
bus on IVC as well as contralateral renal vein will be neces-
sary. Cavotomy and thrombectomy is then performed under
direct vision. After removal of the thrombus en bloc with the
nephrectomy specimen, IVC should be flushed with
heparinized saline solution and inspected for any resid-
ual thrombus and be closed with a 4-0 Prolene running
suture. Advanced multi-disciplinary planning with the
anesthesiologist and whole surgical team is of utmost
importance to succeed in these steps.

Both laparoscopic [30, 31] and robotic [32, 33] approaches
have also been reported for the management of RCC with
level I IVC thrombus. In the robotic setting, the patient is
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secured in a 60-degree lateral decubitus position and trans-
peritoneal ports are inserted per standard configuration for
renal surgery. Surgical steps mostly mirror open approach.
Intraoperative laparoscopic ultrasonography can be used to
confirm the proximal extent of the thrombus. The Endo-GIA
stapler is used to transect the renal artery as well as
renal vein/vena cava wall, proximal to the thrombus,
when feasible [26]. If not, similar to open approach,
IVC and contralateral renal vein control can be secured
and applied for thrombus extraction.

Level II

Patients with level II thrombus may require more extensive
vascular dissection to mobilize the IVC and contralateral renal
vein. After early ligation of the renal artery, ligation of the
surrounding lumbar branches (as well as adrenal and gonadal
veins for the left-sided tumors) is required in order to achieve
appropriate vascular control. Ligation of the minor hepatic
veins is helpful, if more infrahepatic IVC exposure is needed.
Before the cavotomy, communication with the anesthesia
team and a “test clamp” with monitoring the patient’s hemo-
dynamic parameters is essential. If significant hypotension
happens with the test clamp, additional fluid replacement
and adrenergic stimulants with or without blood transfusion
may be considered before cavotomy [12]. Vascular clamps or
umbilical tapes with Rummels are then placed on the
infrarenal IVC, contralateral renal vein, and suprarenal IVC
(above thrombus), respectively. Once the vascular control is
obtained, a cavotomy is performed starting circumferentially
around the ostium of the renal vein, and then is extended
superiorly on the anterior surface of the IVC. If the tumor
thrombus does not invade into IVC wall, thrombectomy can
be completed safely; however, any suspicious areas could be
biopsied and/or resected. Vena cavoscopy using a flexible
cystoscope can be utilized intraoperatively to ensure clearance
of residual thrombus [34•]. After complete removal of the
tumor thrombus, the IVC is flushed with heparinized saline
solution and cavotomy incision is closed with a 4-0
Prolene suture. At least 50% of the IVC circumference
should be maintained for proper closure [35]. Following
thrombectomy and caval repair, Rummel tourniquet of
the suprarenal IVC, contralateral renal vein, and
infrarenal IVC is released in sequence [26].

The feasibility and safety of minimally invasive approach
for the management of selected cases with RCC and level II
IVC thrombus have been shown in recent series [36••, 37••].
Surgical steps duplicate open surgery. Laparoscopic ultraso-
nography is helpful to confirm the thrombus extent. Favorable
outcomes have been reported with the robotic approach.
Nevertheless, it should be performed in high-volume centers
with extensive experience.

Level III

Level III IVC thrombectomy is usually performed through
open approach, given the complexity of the procedure and
the need for getting access to the major hepatic veins.
However, there are certain case reports/series of level III done
in minimally invasive fashion, too. In open fashion, we prefer
the anterior midline incision but thoracoabdominal approach
is required in some cases, especially those with large renal
upper pole tumors, challenging anatomy or body habitus.
Although CPB is usually performed for the IVC thrombi in-
volving the right atrium, it may also be necessary in selected
patients with high level III thrombus. Given the fact that the
decision regarding the particular surgical technique can only
be indorsed intraoperatively, the operating roommay be set up
for possible CPB. Intraoperative TEE should be available to
confirm the cranial extent of the thrombus during the surgery.

IVC needs to be freed up completely and following ligation
of the renal artery, thrombus attempted to be trapped between
the infra, supra, and contralateral renal vein controls, when
feasible. For left-sided tumors, we may need to control right
renal artery as well, unless right renal vein is excluded by re-
routing to infrarenal cava. IVC clamping below hepatic veins
is preferable, if the tumor thrombus can be milked down safe-
ly. This should be performed under TEE guidance to assess
the level of the clamp and the potential dislodging of the
thrombus. For the small level IIIa thrombi, ligation of the short
hepatic veins and intrahepatic IVC release can help with vas-
cular control above the thrombus. The larger IIIa and IIIb
thrombi require caudal hepatic mobilization to get control of
the suprahepatic-infradiaphragmatic IVC. Vascular clamp is
then placed above the thrombus via anterior (or lateral) ap-
proach. If this is unattainable or in cases with higher stage
thrombi, complete mobilization of the liver, as previously de-
scribed by Ciancio et al. [38], and IVC clamping with the
lateral approach are recommended. Occasionally,
thoracoabdominal incision is needed to get control of
the cavoatrial junction. “Pringle maneuver” (temporarily
clamping portal vein and hepatic artery) is required to
prevent massive blood loss, if proximal IVC clamp is
superior to hepatic veins [39–41]. Intermittent and con-
tinuous Pringle maneuver can both be tolerated up to
120 min, though continuous occlusion of < 20 min is
recommended to minimize the risk of ischemia-
reperfusion injury [38, 42]. Patients with completely oc-
clusive thrombi who have developed various venous
collaterals can safely tolerate the suprahepatic clamping.
Nevertheless, in cases with partially occlusive thrombi,
clamping may not be tolerated well, and bypass should
be considered. Once the IVC is clamped, cavotomy and
thrombectomy is performed similarly to what described
for level II thrombi. In selected cases, IVC resection
with or without reconstruction is necessary.
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The initial series of robotic level III IVC thrombectomy has
been reported by Gill et al. in 2015 [43, 44]. The feasibility of
this approach then confirmed in other studies [45, 46••, 47•,
48]. Most of the surgical steps are similar to open approach.
The challenging step of suprahepatic IVC control is usually
set by cardiothoracic team through minimally invasive thorac-
ic approach. Alternatively, trans-jugular or trans-vena cava
balloon control has been shown to help with down-staging
the thrombus or facilitate with Pringle maneuver [49].

Level IV

Level IV IVC thrombi are generally managed with a com-
bined intraabdominal and intrathoracic approach. For the
small, non-adherent thrombi, confirmed with TEE, control
of the cavoatrial junction above thrombus using Rummel tour-
niquet can be completed with the thoracoabdominal (or mid-
line) approach. If this technique is not successful, CPBmay be
required [50, 51]. For true level IV cases, we prefer
sternotomy and CPB. Small volume thrombi can be managed
with CPB alone, though larger thrombi with high chance of
shattering may require cardiac arrest as well, to succeed com-
plete tumor extirpation. To avoid opening the chest,
complete abdominal approach with or without veno-
venous bypass (VVBP) can be used in selected patients
with free-floating thrombus that is able to be completely
milked back into the IVC [50, 52].

Few case reports of minimally invasive level IV IVC
thrombectomy have been reported in the literature [46••, 47•,
53]. The feasibility and safety of the robotic approach is yet to
be confirmed in larger studies, though it is restricted to high-
volume centers and experienced multi-disciplinary teams.

IVC Resection

IVC resection is indicated in patients with densely adherent
intracaval tumor and/or direct caval wall invasion [54]. To
obtain negative vascular margins, en bloc resection of the
IVC may be necessary in selected cases where the IVC is
totally occluded by either tumor or bland thrombus [18].
Real-time intraoperative assessment of the IVC by the operat-
ing surgeon is the main decision driver for IVC resection.
However, some preoperative findings can help with the ap-
propriate surgical planning. Adams et al. reported that preop-
erative MRI can reliably assess IVC wall invasion with posi-
tive and negative predictive values of about 90% [55].
Furthermore, it has been shown that presence of a right-
sided tumor, an IVC anteroposterior diameter of ≥ 24.0 mm,
complete occlusion of the IVC at the renal vein ostium, and
presence of bland thrombus inferior to the tumor thrombus
can predict the need for cavectomy [11, 56].

In general, resection of the < 50% of the IVC circumfer-
ence can be managed by either primary closure or venous

patch repair [57]. In cases that en bloc IVC resection is nec-
essary, cavectomy can be performed with or without recon-
struction. Infrarenal IVC resection without reconstruction is
performed routinely [11], though a graft or prosthesis is often
used in suprarenal IVC resection to re-establish venous flow
[58]. Nevertheless, it has been shown that suprarenal
cavectomy without reconstruction is feasible in selected cases
with preexisting various abdominopelvic collaterals [59••]. If
suprarenal cavectomy is indicated, left renal vein should be
ligated distal to its venous branches (i.e., gonadal, lumbar, and
adrenal veins) in right-sided tumors. For the left-sided
tumors, right renal vein drainage can be maintained
through inferior or superior IVC (with or without a flap).
While IVC resection is generally performed using open
approach, the feasibility of robotic suprarenal cavectomy
has also been reported recently (Fig. 1) [60•].

Management of Patients with Budd-Chiari Syndrome

Patients with RCC and IVC thrombus may rarely present with
Budd-Chiari syndrome (BCS) (hepatic venous obstruction)
that can result in liver failure and is associated with very poor
prognosis. Surgery is usually not offered for these cases unless
in early stages. If severe hepatic dysfunction is not present,
BCS is not independently associated with an increased risk for
perioperative complications and mortality [61]. Patients with
severe coagulopathy will have an increased risk of intra- and
postoperative bleeding. Shirodkar and colleagues reported a
series of 10 patients with BCS associated with RCC. They
showed an increased rate of estimated blood loss (EBL) (mean
4.2 l), length of hospital stay (LOS) (mean 13.25 days), and
high complications. In a mean follow-up of 28 months, the
mortality rate was 50%, of whom one passed away during the
index hospitalization [62].

Perioperative Outcomes

RN with IVC tumor thrombectomy is a complex surgery with
high perioperative morbidity and mortality. Major complica-
tions include air embolism, acute PE, massive hemorrhage,
hepatic dysfunction, and organ ischemia [50]. Air embolism
can happen during vascular bypass and/or IVC closure.
Releasing the caudal clamp before cranial clamp at the time
of cavorrhaphy can help with flushing out the air and decreas-
ing the risk of air embolism. The risk of intraoperative throm-
bus embolization is reported in 1.5% of cases [63]. Patients
with preoperative PE are at increased risk of this complication
and may benefit from preoperative IVC filter placement.
Careful mobilization of the IVC and kidney before vas-
cular control can minimize the risk of embolization.
Prompt recognition of this complication with TEE and
emergent embolectomy is necessary, though the mortal-
ity rate is as high as 75% [63].
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Boorjian et al. reported the Mayo clinic experience of
patients who underwent RN and IVC thrombectomy
with a 30-day complication rate of 15% and a periop-
erative mortality of 2–3% [40]. Nevertheless, a
Canadian population-based study reported in-hospital
mortality and complication rate of 7% and 78%, respec-
tively. In this study, in-hospital mortality was associated
with age (odds ratio [OR] 1.05, P < 0.001), comorbidity
(OR 4.98, P < 0.001 for Charlson comorbidity score of
3), and the intraoperative use of cardiac bypass (OR
4.12, P = 0.002). In addition, median LOS was 10 days
that was associated with age, Charlson comorbidity
score, and the lowest surgeon volume quartile [64].
Freidfeld et al. showed both an overall survival benefit
and a trend towards better short-term outcome for pa-
tients with T3c RCC undergoing surgery in high-volume
hospitals, highlighting the impact of surgical quality on
the outcomes and the importance of care centralization
for these patients [65•].

The higher level of IVC thrombus is associated with
increased perioperative complications [40, 61, 66].
Boorjian et al. reported increased intraoperative EBL,
transfusion rates, and 30-day complications with the
higher levels of IVC thrombus. In their study, the 30-
day complication rates of level IV versus 0 IVC
thrombectomy were 46.9% and 12.4%, respectively [40].

In a multicenter study among patients with levels III and
IV tumor thrombi, Abel et al. reported a 90-day major
complication (≥ 3A Calvien-Dindo) rate of 34%, with
the most common being respiratory followed by cardiac
and hematologic. The authors reported 30- and 90-day
mortality rates of 5.6% and 10.5%, respectively.
Preoperative Eastern Cooperative Oncology Group
(ECOG) performance status > 1 and low serum albumin
were independently associated with the increased risk of
90-day mortality [61].

The perioperative outcomes of patients undergoing ro-
botic vs. open IVC thrombectomy have been addressed in
recent studies. Using National Cancer Database, Beksac
et al. analyzed 872 patients who underwent open (n = 838)
or robotic (n = 34) RN with IVC thrombectomy for cT3b
RCC. In this study, robotic approach was associated with
26% reduction in LOS but no difference in readmissions or
30-day mortality. The authors also performed a multi-
institutional study of 20 patients (9 open and 11 robotic)
undergoing RN with level II IVC thrombectomy. In this
subgroup analysis, robotic group had significantly lower
EBL (100 vs. 600 mL, P = 0.02) and shorter LOS (1 vs.
5 days, P = 0.02), though no difference was seen in terms
of operative time and postoperative complications [67•]. In
a recent study, Rose et al. compared 27 open and 24 robotic
RN and level I/II IVC thrombectomy cases. Patients in the

Fig. 1 Step by step robotic suprarenal IVC resection for right-sided renal
tumor. a Securing control of the infrarenal IVC (blue arrow) and left renal
vein (green arrow) with Rummel tourniquets. b Securing control of the
suprarenal IVC (white arrow) using intraoperative ultrasound. c

Inspection of the inner wall of the IVC following thrombectomy showing
multiple remnants of adherent tumor to IVC endothelium (black arrows).
d Suprarenal IVC resection completed using Endo-GIA stapler
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robotic group demonstrated shorter LOS (3 vs. 7 nights, P =
0.03), lower EBL (450 vs. 1800 mL, P < 0.01), and lower
transfusion rate (21% vs. 82%, P < 0.01). The robotic group
had 26% fewer complications compared to open cohort
(17% vs. 43%, P < 0.01) [68••].

Postoperative Considerations

Following RN and IVC thrombectomy, the patients re-
quire close monitoring. Most cases are extubated if sur-
gery has been uneventful, though complex overload pa-
tients may need ventilation support for at least 12–24 h
following the procedure. Enforced mobilization and
breathing exercises should be started as soon as possi-
ble. Routine use of abdominal drainage and nasogastric
tubes is not recommended. In alert patients, urinary
catheters should be removed on the first postoperative
day [27].

Anticoagulation with prophylactic dose should be
started 24–48 h after the surgery and continued for
4 weeks in patients whose tumor is completely resected.
Patients with residual tumor thrombus and/or continued
IVC bland thrombus require therapeutic anticoagulation
for 6 months. In patients undergoing cavectomy, we
recommend warfarin with a target INR of 1.5–2. A re-
trievable filter should be placed during the surgery or
immediately post-operatively in patients with residual
thrombus. Filter should be removed after 6 months if
there is no further evidence of thrombus or PE [17].

Conclusions

Radical nephrectomy with IVC thrombectomy is a com-
plex procedure that requires the commitment of a multi-
disciplinary team, particularly for higher level tumor
thrombi. The aim of this surgery is complete resection
of all tumor burden to achieve negative margins.
Preoperative imaging (either CT or MRI) is the most
crucial part of the workup that can delineate the throm-
bus level and surgical planning. The surgical approach
is mainly determined by the level of the tumor throm-
bus as well as the tumor features and surgeons’ experi-
ence. Although open technique has been the standard of
care, robotic approach can be applied in selected cases
by experienced surgeons.
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