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Abstract
Purpose of Review  Recent advances in minimally invasive technology have compelled surgeons to perform nephrectomy 
with inferior vena cava thrombectomy using robotic assistance. Here, we aim to review the data comparing open versus 
robot-assisted nephrectomy with IVC thrombectomy, as well as review operative robotic techniques for nephrectomy with 
IVC thrombectomy.
Recent Findings  Over the last decade, there have been increasing reports of successful robotic-assisted IVC thrombectomy 
among skilled robotic surgeons, with case series detailing operative technique, as well as operative and oncologic outcomes 
for levels I-IV caval thrombus.
Summary  While there is immense promise in the future of robotic-assisted IVC thrombectomy, further studies with direct 
comparison to open surgical intervention will be needed to ensure the oncologic principles and outcomes are non-inferior.

Keywords  Renal cell carcinoma · Kidney cancer · Inferior vena cava · Venous tumor thrombus

Abbreviations
cm	� Centimeter
EBL	� Estimated blood loss
IVC	� Inferior vena cava
LOS	� Length of stay
min	� Minute
mL	� Milliliter
RCC​	� Renal cell carcinoma
VTT	� Venous tumor thrombus

Introduction

Renal cell carcinoma (RCC) is among the most common geni-
tourinary malignancies, with an expected 76,080 new diagnoses 
in 2020 in the USA [1]. In recent history, RCC incidence has 
increased, as incidental renal mass diagnosis occurs with the 

increased use of abdominal imaging [2]. Despite the increased 
incidence over time, RCC exhibits the highest mortality of the 
genitourinary malignancies, with a mortality of 3.6 per 100,000 
population [1]. RCC is unique in its proclivity for vascular inva-
sion with potential for tumor to extend from the kidney itself 
along the path of venous drainage. Malignancy can extend from 
the renal vein into the inferior vena cava (IVC) as venous tumor 
thrombus (VTT). In fact, VTT exists at the time of diagnosis in 
approximately 8.8% of patients with RCC [3].

When untreated, VTT portends a poor outcome, with 
median survival of 5 months [4]. Since the landmark pub-
lication by Skinner et al. describing the first nephrectomy 
with IVC thrombectomy, the standard of care for RCC with 
IVC tumor thrombus has been open nephrectomy with IVC 
thrombectomy [5]. In the decades since this practice chang-
ing publication, nephrectomy with IVC thrombectomy has 
been found to provide a significant survival benefit, with 
median recurrence-free survival of 15 months [6]. Despite 
the potential curative surgical therapy of open nephrec-
tomy with IVC thrombectomy, surgical resection via open 
approach has been shown to carry burdensome morbidity 
and mortality, with overall complication rate of over 30% 
and perioperative mortality of ~5–10% [7–9].

Recent advances in minimally invasive technology have 
compelled surgeons to perform VTT using robotic assistance. 
Over the last decade, there have been increasing reports of 
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successful robotic-assisted IVC thrombectomy. Here, we aim to 
review the data comparing open versus robot-assisted nephrec-
tomy with IVC thrombectomy, as well as review operative 
robotic techniques for nephrectomy with IVC thrombectomy.

History of Laparoscopic IVC Thrombectomy

Prior to the advent of robotic IVC thrombectomy, the road-
map for success was created in laparoscopic-assisted sur-
gery. Although application of laparoscopy on initial reports 
was limited to the nephrectomy part of the procedure and 
subsequent open incision for VTT thrombectomy, Savage 
and Gill reported the fully laparoscopic level I VTT radi-
cal nephrectomy in 2000, confirming the feasibility of this 
procedure [10]. This experience was validated by Sundaram 
et al. in 2002, who reported on an experience with hand-
assisted radical nephrectomy with IVC thrombectomy in 
a patient with level I thrombus [11]. Using hand-assisted 
laparoscopic technique, a vessel loop was used to obtain 
proximal and distal control of the inferior vena cava in 
combination with a Satinsky clamp to encompass the caval 
thrombus [11]. Subsequently, Hoang et al. reported pure 
laparoscopic radical nephrectomy with IVC thrombec-
tomy for patients with right-sided tumors. The reported 
outcomes included patients with a median tumor size of 
9.1 cm (range 5.7–12.8 cm). Overall, the authors reported a 
median operative time 240 min (range 159–330 min), EBL 
600 cc (440–4850 mL), and open conversion in 1 out of 
seven patients (14.2%) due to direct caval wall invasion [12]. 
While most of these early reports involved levels I and II 
VTT, Shao et al. performed the first laparoscopic nephrec-
tomy with thoracoscope-assisted open atriotomy for level IV 
VTT in 2015 [13]. Despite the growing excitement in mini-
mally invasive management, significant barriers remained 
with laparoscopic utilization, including limited dexterity, 
two dimension visualization, and unstable visual picture.

History of Robotic‑Assisted Nephrectomy 
with IVC Thrombectomy

With the verification of safety and feasibility of laparo-
scopic radical nephrectomy with IVC thrombectomy, the 
next frontier in technological advancement was the advent 
of the robot-assisted surgery. Herein, we review utilization 
of robotic assistance in the IVC thrombectomy space, assess-
ing the state of the literature by thrombus level (Table 1).

Level I VTT

The first described series of robotic nephrectomy with 
IVC tumor thrombectomy was published in 2010 by Abaza 
(Fig. 1) [14]. Their case series included five patients with 

level I right-sided VTT, with technique focused on identi-
fication of VTT extent via ultrasound probe and tangential 
IVC clamping. After incising the IVC along the Satinsky 
clamp, the tumor thrombi were delivered intact with the 
nephrectomy specimen. In this first report, excellent patient 
outcomes were reported with estimated blood loss (EBL) of 
170 cc, operative time of 327 min, no transfusion require-
ments, and average length of stay (LOS) of 1.2 days. At 
15 months follow-up, no patients had disease recurrence, 
and the one patient who had undergone cytoreductive 
nephrectomy had stable metastatic disease on systemic 
therapy. With these reassuring surgical and oncologic out-
comes, the door was opened to usher in minimally invasive 
surgery for patients with RCC and caval thrombus, but data 
remained limited to results from high-volume, experienced 
surgeons.

Levels II–III VTT

Following the reports of level I VTT success, the first two 
series of robotic-assisted VTT surgical resection of levels 
II and III thrombi were reported in 2015 and 2016 by sev-
eral groups (Table 1) [15–17]. Among these cohorts of 16 
and 32 patients, there was increased surgical complexity as 
compared to prior reports. Within the case series reported by 
Abaza et al., 24 patients required IVC cross-clamping, one 
patient required synthetic patch cavoplasty, and one patient 
death was reported [16].

The majority of patients in this multicenter case series 
were level II thrombi (30/32), but this case series did include 
several level III (2/32) VTT. The nine surgeons that par-
ticipated in this study were all highly experienced in robot-
ics who were able to progress with this procedure with no 
conversions to open surgery, with a mean operative time 
of 292 min despite increased complexity of thrombi and 
caval reconstruction. The exact surgical technique varied 
by surgeon in this series; all procedures were performed 
transperitoneally, but the IVC was controlled with various 
methods (modified Rommel tourniquets vs bulldog clamp) 
and port placement and number (between 4 and 8) varied 
based on surgeon preference. The authors reported a mean 
EBL 399 cc, and only 3/32 patients required a blood transfu-
sion with median LOS of 3.2 days. Given that this is among 
the first to describe level III intrahepatic, infradiaphragmatic 
thrombi, methodology was defined to manage the short 
hepatic veins by clipping and dividing prior to laparoscopic 
ultrasound to identify the most cranial aspect of the tumor 
for Rummel tourniquet placement.

Subsequent robotic utilization of complex level III was 
further described in 2015 and 2016 by Bratslavsky and 
Cheng and Ramirez et al., respectively [17, 18]. Techni-
cal considerations were similar to the reports from lower 
grade thrombi, with additional steps largely focused on 
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mobilization of the liver and division of the short hepatic 
veins. Consistent with the open approach, mobilization of 
the liver included incising the peritoneum below the liver, 
and the right triangular ligament, as well as division of 
hepatic veins to the posterior right and caudate lobes to 
facilitate exposure of the retrohepatic IVC (Fig. 2) [15]. 
It is imperative to allow for adequate exposure of the IVC 
prior to utilization of intraoperative ultrasound, to mini-
mize manipulation and decrease likelihood of dislodging 
the tumor thrombus.

Once the cranial extent of the tumor has been established, 
appropriate vascular control with combination of vascular 

loops and a bulldog clamp can be attempted. Unlike an open 
approach, cephalad and lateral nephropexy utilizing Weck 
clips have been described to suspend the kidney and adrenal 
upwards to allow for stable exposure during the cavotomy 
and repair. Operative time was reported at 353–366 min 
with 150–1200-cc blood loss and 0–4 units of red blood 
cell transfusion [17–19].

Subsequently, additional case series of levels II and III 
thrombi have been reported with good safety and oncologic 
outcomes [20–22]. While this experience showed wide-
spread safety despite the variability among surgeons, it is 
not necessarily generalizable to all robotic surgeons. Simi-
larly, careful patient selection for these case series enables 
successful robotic experience but is not representative of the 
population at large [16].

Level IV VTT

In VTT cases, operative complexity is determined by the 
cranial extent of the VTT. This is particularly true for level 
IV VTT which extends above suprahepatic IVC and into the 
right atrium (Fig. 1). Initial reports of robotic nephrectomy 
with level IV caval thrombus were published in 2019 and 
2020 [19, 23]. This surgical technique mimics that of pure 
laparoscopy for level IV thrombus, with minimally inva-
sive nephrectomy with mini thoracotomy for cardiac con-
trol (aortic cross clamping, cardiopulmonary bypass with 
hypothermic cardiac arrest and superior vena cava occlu-
sion with transesophageal echocardiography). Simultaneous 
antegrade-retrograde thrombectomy was performed after 
transthoracic opening of the right atrium and transabdomi-
nal opening of the infrahepatic IVC. Complete thrombus 
removal was confirmed with intracaval balloon catheter and 
robot-controlled endoluminal venacavoscopy [13, 19]. In 
these scenarios, there is potential for complications includ-
ing vascular injury, hemorrhage, and thrombus shedding. 
Despite the reported feasibility of robotic caval thrombec-
tomy for levels III and IV thrombi, there has been limited 
adoption in the years thereafter, likely due to rarity of cases, 
the uncertain oncologic outcomes, and the time-consuming 
process of intraoperative patient repositioning and robot 
redocking. Additionally, caval thrombectomies are becoming 
increasingly rare surgical cases in the post-CARMENA era, 
with increased use of upfront systemic therapy in patients 
who present with metastatic disease [24].

Preoperative Considerations

Preoperative considerations in the management of VTT are 
largely the same between open and robotic approaches, with 
considerations of VTT level, grade, stage, nutritional status, 
and Charlson Comorbidity Index. High-quality preoperative 

Fig. 1   Mayo Clinic grading system of IVC thrombus level, depicted 
with Rummel tourniquet placement for proximal control of the infe-
rior vena cava
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imaging studies to delineate the extent of tumor thrombus 
and assess for direct caval wall invasion with associated 
intraoperative assessment of tumor thrombus are of utmost 
importance [14, 16]. Preoperative angioembolization remains 
controversial and is ultimately surgeon dependent, with some 
case series reporting strict recommendation for angioembo-
lization preoperatively, while others recommend never per-
forming angioembolization in part due to concerns regarding 
necrosis and embolization of tumor thrombus [20, 22, 25, 26].

Operative Techniques

Abaza et al. first defined the technique of robotic nephrec-
tomy with IVC thrombectomy in level II VTT in 2011 
among five patients with right-sided tumors [14]. In brief, 
these are performed transperitoneally in lateral decubitus 
position. The colon is reflected medially and the duodenum 
is kocherized. Early control of the artery is performed at 
either the hilum or in the interaortocaval space. Once vas-
cular control has been established, gentle circumferential 
IVC dissection above and below the renal vein is performed, 
taking care not to dislodge the thrombus. To identify the 

cranial extent of the VTT, laparoscopic ultrasound delineates 
the extent of the tumor thrombus to identify the location for 
IVC control. Lumbar veins are identified and controlled with 
clips or bipolar cautery depending on the caliber of the col-
laterals. Nephropexy with the robotic arm or with Weck clips 
can retract the kidney to both shorten the tumor in the IVC 
lumen and ensure identification of vessels and venous col-
laterals [14, 17, 18]. As described by Abaza et al., tangential 
IVC clamping with Satinsky clamp can then be performed 
[16]. This involves incision of the IVC on the inner curva-
ture of the Satinsky, and delivery of the tumor thrombus 
with subsequent IVC reconstruction with 4–0 polypropylene 
suture [14].

When cross-clamping of the IVC is necessary, most com-
monly, a modified Rommel tourniquet is created with vessel 
loops placed twice around the IVC above and below the 
thrombus and around the contralateral renal vein. Alterna-
tively, IVC control can be achieved with bulldogs, laparo-
scopic Satinsky clamps, or an intra-caval Fogarty catheter 
[16, 21]. A small incision is made in the IVC to ensure that 
all lumbar veins have been appropriately controlled. Once 
the IVC is opened and the thrombus extracted, the lumen is 
irrigated with heparinized saline before closing [14].

Fig. 2   A Retrohepatic and B supradiaphragmatic robotic IVC thrombectomy. C Patient positioning and port placement for retrohepatic IVC 
thrombectomy, demonstrating a seven-port technique. Photos courtesy of Wang et al. [22]
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Retrohepatic IVC thrombectomy most often requires 
a seven-port technique (Fig.  2) [27]. For a proximal 
thrombus inferior to the first porta hepatis, some (usu-
ally 1–3) short hepatic veins are ligated but the liver does 
not require mobilization (similarly to level II thrombus). 
For thrombus between the first and second porta hepatis, 
the right lobe of the liver is mobilized from the IVC by 
ligating additional short hepatic veins (usually 3–5). If the 
thrombus is above the second porta hepatis but below the 
diaphragm, both the left and right lobes of the liver are 
mobilized to obtain high proximal control of the suprahe-
patic and infradiaphragmatic IVC as well as clamping the 
first porta hepatis.

Technique by Side

In comparing left- vs right-sided IVC thrombectomy, spe-
cific techniques differentiate the two [20, 22, 25]. Unlike 
the right-sided approach, the left-sided approach starts with 
caval thrombectomy and ends with radical nephrectomy. 
Due to these differences in the approach, some emphasize 
the importance of preoperative embolization of the left main 
and segmental arteries, as the renal vein may be discon-
nected well before control of the renal artery. Furthermore, 
as the approach involves caval thrombus management first, 
the patient is first secured with the right side up to perform 
the caval thrombectomy, followed by re-docking and re-
positioning the patients with the left side up for the kidney 
portion of the procedure.

Although some methodologies encourage preoperative 
angioembolization prior to all left-sided thrombectomies 
(e.g., Wang et al.), some surgeons do not perform angi-
oembolization prior to any cases (e.g., Rose et al.), while 
others perform angioembolization on a case-by-case basis 
(e.g., Chopra et al.) [20, 22, 26]. While preoperative angi-
oembolization does not improve morbidity or mortality for 
open VTT, it is reasonable to use preoperative angioembo-
lization for left-sided robot-assisted VTT due to surgical 
complexity, with decision based on surgeon preference 
and comfort.

Comparing Robotic‑Assisted vs Open 
Approach

At present, few studies directly compare operative and 
oncologic outcomes between robotic-assisted and open 
nephrectomy with IVC thrombectomy. While the blue-
prints for open IVC VTT surgery were established dec-
ades ago with well-studied perioperative and oncologic 
outcomes, there are few direct comparisons between 
robotic-assisted and open approaches to VTT have lim-
ited comparable evaluation [28]. Whether the robotic 

approach is generalizable to more than a handful of 
select centers and can safely replace open surgery with-
out significantly compromising oncologic and periopera-
tive safety is largely unknown due to lack of prospec-
tive, long-term data. The opposite problem may become 
true in the future, as comfort with open surgery among 
younger surgeons is diminishing. Among retrospective 
reviews, after controlling for selection bias, the benefits 
of robotic nephrectomy with caval thrombectomy become 
noticeable given that robotic approach can quicken perio-
perative recovery without apparent compromise of onco-
logic outcomes.

Comparing Open vs Robotic Peri‑Operative 
Outcomes

Retrospective evaluations of robotic VTT surgery with 
immediate peri-operative outcomes exist but are lim-
ited to a small cohort of patients. Among a retrospective, 
matched comparison of 68 patients undergoing levels I–II 
IVC thrombectomy compared 31 robotic and 37 open IVC 
thrombectomies [29]. Prior to matching, there were signif-
icant differences between the two cohorts, but they were 
evenly balanced in terms of tumor size, age, gender, BMI, 
ASA, CCI, tumor side/size, level and length of throm-
bus, and preoperative renal function. Among this cohort, 
the robotic group had significantly lower EBL (250 ml vs 
1000 ml, p < 0.001), fewer blood transfusions (6.5% vs 
54.8%, p < 0.001), shorter LOS (5 days vs 9 days, p < 0.001), 
and fewer complications (9.7% vs 29.0%, p = 0.7) [29]. The 
differences in the cohorts prior to matching confirm that 
well-selected patients are more likely to be offered robotic 
thrombectomies. Similarly, Rose et al. report that robotic-
assisted cases experienced fewer blood transfusions (21% vs 
82% p < 0.01) and shorter LOS (3 days vs 7 days, p < 0.01), 
as compared to open [26]. Of note, this large series does 
note that open thrombectomies do report fewer complica-
tions among robotic vs open thrombectomies (17% vs 43%, 
p < 0.01), including fewer Clavien IV and V complications 
(0% vs 7.1%) [26]. While this may provide reassurance about 
the safety and feasibility of the robotic approach, it may also 
be reflective of a selective cohort of favorable patients that 
are amenable to the robotic approach [26]. Despite shorter 
length of hospitalization, the robotic group had higher 
mean direct cost than the open group ($12,987 vs $7337, 
p < 0.001) [29].

Conflicting reports of the difference in operative time are 
noted when comparing open vs robotic approach—likely 
based on surgeon variability. Gu et al. report that robotic 
surgery had shorter overall median operating time (150 min 
vs 230 min, p < 0.001), though left-sided tumors required 
significantly more time with the robotic approach (260 min 
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vs 249 min, p = 0.662) [29]. Whereas Rose et al. report that 
the robot-assisted group had overall longer operative times 
(242 vs 284 min, p = 0.03) [26].

Comparing Open vs Robotic Oncologic Outcomes

In comparing open vs robotic oncologic outcomes for 
VTT, no significant differences are reported in the litera-
ture. With a median follow-up of 27 months for the robotic 
group and 45 months for the open group, Gu et al. report 
no significant difference in progression free-survival (PFS) 
(p = 0.71) or overall survival (OS) (p = 0.18) between the 
two groups [29]. Similarly, Rose et al. reported no dif-
ference in OS (51 vs 49 months, p = 0.16) or RFS (33.2 
vs 36.5 months, p = 0.68) [26]. Despite efforts to match 
cohorts between open and robotic cases in these series, 
there is certainly provider bias in choosing patients eligi-
ble for robotic caval thrombectomy. To date, there is no 
level I data comparing survival outcomes between open 
and robotic IVC thrombectomy; thus, our understanding 
of these outcomes is limited to retrospective analysis and 
institutional data.

Although there are no direct, prospective comparisons 
between open and robotic techniques, limited oncologic 
data have previously been published in the literature. 
Chopra et al. report that among their cohort of robotic 
caval thrombectomies, 46% developed new-onset meta-
static disease, and 42% received adjuvant therapy within 
12 months, with median follow-up of 16 months [20]. For 
Wang et al., only 7.6% developed metastatic disease, and 
15.2% died during the median 18-month follow-up [19]. 
Gill et al. report 11.1% metastatic disease and 0% mortal-
ity in their initial series with median 7-month follow-up 
[15]. The incredible heterogeneity of oncologic outcomes 
among these studies is likely attributable to patient selec-
tion among the robotic thrombectomy cohorts that has cre-
ated variable risk of metastasis and death among studies. 
Although there are no direct comparisons for cancer recur-
rence between open and robotic surgery, the aforemen-
tioned data are comparable to reports of 30–40% 5-year 
relapse rates after open nephrectomy for stages II and III 
RCC [30].

Conclusion

While there is immense promise in the future of robotic-
assisted IVC thrombectomy, further studies with direct 
comparison to open surgical intervention will be needed 
to ensure the oncologic principles and outcomes are 
non-inferior.
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