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Abstract
Renal cell carcinoma accounts for two to three percent of adult malignancies and can lead to inferior vena cava (IVC) 
thrombosis. This condition can decrease the rate of 5-year survival for patients to 60%. The treatment of choice in such 
cases is radical nephrectomy and inferior vena cava thrombectomy. This surgery is one of the most challenging due to many 
perioperative complications. There are many controversial methods reported in the literature. Achieving the free of tumor 
IVC wall and the possibility of thrombectomy in cases of level III and level IV IVC thrombosis are two essential matters 
previously advocated open approaches. Nevertheless, open approaches are being replaced by minimally invasive techniques 
despite the difficulty of the surgical management of IVC thrombectomy. This paper aims to review recent evidence about 
new surgical methods and a comparison of open, laparoscopic, and robotic approaches. In this review, we present the lat-
est surgical strategies for IVC thrombectomy and compare open and minimally invasive approaches to achieve the optimal 
surgical technique. Due to the different anatomy of the left and right kidneys and variable extension of venous thrombosis, 
we investigate surgical methods for left and right kidney cancer and each level of IVC venous thrombosis separately.

Keywords  Inferior vena cava thrombectomy · Inferior vena cava thrombosis · Laparoscopy · Radical nephrectomy · Renal 
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Introduction

Renal cell carcinoma (RCC) is the most common type of 
renal cancer, which accounts for 90% of renal malignancies 
and 2–3% of adult malignancies [1, 2]. RCC has the abil-
ity to invade the inferior vena cava (IVC). IVC invasion of 
RCC occurs in 4–10% of patients [3]. IVC invasion can lead 

to IVC thrombosis. This condition can decrease the rate of 
5-year survival for patients to 60% [4].

In patients who have had resection surgery of the invaded 
IVC, the rate of 5-year survival is 31% more than in patients 
who have not had this surgery [5]. According to this, patients 
with the discussed condition must undergo surgical interven-
tions, such as partial or radical nephrectomy, IVC thrombec-
tomy, and lymphadenectomy [1]. In cases of localized RCC, 
radical nephrectomy is the treatment gold standard which 
is curative [6] According to medical guidelines, open sur-
gery is the standard approach for this operation [7]. Due to 
successful outcomes of laparoscopic radical nephrectomy 
(LRN) and IVC thrombectomy, recently, a higher number 
of LRNs have been performed by surgeons [8].

Open surgery is an invasive surgery that has a mortal-
ity of 4–10% [1]. Because of the high mortality rate and 
surgery-associated complications of open surgery, laparo-
scopic robot-assisted radical nephrectomy (LRA-RN) and 
IVC thrombectomy seem to be appropriate alternatives to 
open surgery. LRA-RN is less invasive than open surgery, 
and it can help surgeons have better operation management, 
and patients experience fewer complications. Laparoscopic 
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surgery is as efficient as open surgery but, in comparison 
with open surgery, has some advantages, such as a shorter 
duration of hospitalization, a higher rate of accuracy, and 
a lower rate of blood loss [1]. This review will discuss the 
necessity of surgical treatment in RCC patients and compare 
open and robot-assisted laparoscopic radical nephrectomy 
and IVC thrombectomy.

Renal cancer

2% of all diagnosed cancers are kidney cancer. Recent epi-
demiological assessments have shown an increased rate of 
incidence and decreased mortality rate of kidney cancer [9, 
10]. About 209,000 new RCC cases are identified annually, 
accounting for approximately 102,000 deaths worldwide 
[11, 12]. The median 5-year survival for localized renal 
cancer is about 95% [13]. RCC is the most common type of 
renal cancer, accounting for 90% of all renal cancers, with a 
mean age of diagnosis of 60 years [1, 2, 14]. Clear cell RCC 
(ccRCC) is the most common type of RCC, which accounts 
for 70% of RCC cases [15]. Papillary RCC with an inci-
dence of 10–15%, Chromophobe RCC with an incidence 
of 4%, and collecting duct RCC with an incidence of less 
than 1% are among the less common types of RCC. About 
3–5% of RCCs are unclassified [16–19]. Five-year survival 
for sporadic papillary RCC is about 90%. Clear cell RCC 
tends to metastasize more than papillary RCC; nevertheless, 
metastatic papillary RCC has a worse prognosis than clear 
cell RCC [19].

RCC can be either sporadic or hereditary [19]. Aging, 
obesity, hypertension, diabetes mellitus, cigarette smoking, 
previous kidney disease, and previous kidney cancer are the 
most common risk factors for kidney cancer [20–24]. RCCs 
can be asymptomatic or present with a triad of flank pain, 
hematuria, and abdominal mass. 20–30% of patients are met-
astatic at diagnosis [20]. Ultrasound (US) technology helps 
in the assessment of kidney lesions. Color Doppler US can 
show the vascular invasion of the tumor, for instance, IVC 
invasion and IVC thrombosis [21]. However, the Gold stand-
ard imaging method for renal cancer is a contrast-enhanced 
CT scan [13].

Surgery is the curative treatment in isolated RCC without 
any metastasis in which both partial nephrectomy (PN) and 
radical nephrectomy (RN) can be used. Also, ablation is an 
approach used for small renal masses. The choice between 
these three methods depends on tumor size and stage [7]. 
In small and isolated renal masses (under 4 cm), PN is 
more suitable than RN [22]. The laparoscopic approach is 
preferred over the open surgery approach in PN due to the 
advantages of laparoscopy and equivalent oncological out-
comes of open and laparoscopic techniques [23].

Renal cell carcinoma invasion to inferior 
vena cava

IVC and renal vein venous tumor thrombosis (VTT) can 
occur in 10% of patients with RCC. This type of VTT 
can also extend to the right atrium. This rare condition 
occurs in 1% of patients [5]. VTT can decrease patients’ 
5-year overall survival to 48% in patients with renal vein 
involvement, 35% in patients with sub-diaphragmatic IVC 
involvement, and 13% in patients with supra-diaphrag-
matic IVC involvement. IVC thrombosis occurs more 
commonly on the right side [24].

VTT occurs in non-metastatic and metastatic RCCs 
[25]. Renal vein and IVC VTT can lead to lower-limb 
edema, varicocele, and peripheral lymphadenopathy [20]. 
Color Doppler US, contrast-enhanced CT scan, and MRI 
are appropriate imaging studies in cases of VTT [26]. The 
interval between imaging and surgery should not be longer 
than 30 days [27]. IVC VTT in RCC is classified by the 
level of thrombosis extension in IVC into five levels, illus-
trated, and summarized in Fig. 1 and Table 1, respectively 
[28].

Fig. 1   Levels of inferior vena cava tumor thrombus
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Renal vein involvement with/without IVC 
involvement

Isolated renal vein wall involvement is more commonly 
observed. But after renal vein wall involvement, tumor cells 
can invade the IVC. Observing thrombosis in the lumen of 
IVC does not necessarily mean IVC wall involvement since 
the tumor can be floating in the vein. In the case of floating 
tumor thrombosis, the IVC wall does not have malignant 
cell infiltration. Isolated renal vein wall involvement is seen 
in this condition. In cases of malignant cell infiltration into 
the IVC wall, the tumor thrombus is not floating and adheres 
to the IVC wall (Table 1) [4]. Due to the poor prognosis in 
patients without resection of invaded vein wall by tumor 
(5-year survival of 26%), resection of the invaded wall is 
indicated in cases with RCC and IVC VTT [29].

Nephrectomy and IVC thrombectomy

Pre‑operative and post‑operative care

Anticoagulation therapy has no significant advantages 
and does not significantly reduce perioperative VTT risk 
[30]. IVC filter should be used in patients with pulmonary 

embolism who are not responsive to anticoagulation therapy 
or in case of any contraindications for anticoagulation ther-
apy [37]. However, pre-operative IVC filter placement prob-
ably leads to tumor disruption on placement or tumor growth 
onto the filter. Therefore, pre-operative IVC filter placement 
should not be performed in all patients [37]. Also, patients 
with extended VTTs close to the right atrium benefit from 
IVC filter placement during operation due to a high risk of 
pulmonary embolism [26, 31]. Anesthesia consultations are 
recommended for high-risk patients. Cardiology consulta-
tions are recommended in patients with a risk of coronary 
artery disease or patients with prior cardiologic disorders. 
Forty-eight hours after surgery, anticoagulation therapy 
should be started for a duration of 6 months in patients with 
complete resection of the tumor. Chest X-ray, CT scan, and 
lower-limb color Doppler US are useful for post-operative 
assessment [13, 32].

The aim of RN and IVC thrombectomy is complete resec-
tion of the vein wall invaded by the tumor and having a free-
of-tumor margin in IVC. Choosing an appropriate surgery 
method depends on the tumor side, left-sided or right-sided, 
tumor level, and the tumor’s extent of vein wall involvement 
[29]. Pre-operative MRI can determine the need for cavot-
omy by measuring the anterior–posterior diameter of IVC 
and renal vein entrance involvement [33, 34]. Pre-operative 

Table 1   IVC tumor thrombosis 
levels [34]

VTT Venous tumor thrombosis
a Venous tumor thrombus adherence to IVC wall; A: adherent tumor thrombus to IVC wall (IVC wall 
involvement), B: floating tumor thrombus
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CT angiography and three-dimensional CT are non-invasive 
methods that help surgeons choose the optimum surgical 
method depending on kidney anatomy and renal mass situ-
ation [35]. Intraoperative IVC lumen exploration for assess-
ment of the need for IVC resection is of great importance. In 
cases of IVC wall involvement, resection to attain to nega-
tive margin is necessary, but in floating thrombosis without 
IVC wall involvement, IVC wall resection is not required 
[33, 36].

PRAE (pre-operative renal artery embolization) is still 
a controversial issue. For open approach surgery, PRAE is 
recommended only in patients with advanced RCCs; though 
in other patients, PRAE increases blood loss and operation 
time [28]. In minimally invasive approaches such as robot-
assisted approaches, PRAE has benefits such as decompres-
sion of collateral veins, decreased blood loss, and reduced 
intraoperative oozing [37]. For left-sided RCCs with IVC 
VTT, renal artery embolization is mandatory due to the dif-
ficulty of renal artery access in the left decubitus position 
[28].

The IVC incision type depends on the tumor extension of 
the IVC incision, which relies on the extension of the tumor 
to the contralateral renal vein entrance to IVC. In cases with-
out opposite side renal vein entrance involvement by VTT, 
incision of IVC should be oblique for saving opposite side 
renal vein flow to IVC; however, in cases with contralateral 
renal vein entrance involvement by IVC VTT, opposite side 
renal vein should be separately incised to help the preserva-
tion of healthy kidney’s blood flow [29].

According to the less favorable collateral circulation 
of the right kidney in comparison with the left kidney, in 
the cases of left-sided RCC with IVC VTT, the right renal 
artery should be blocked to prevent congestion of the healthy 
kidney subsequent to renal vein blockage except in patients 
with right renal vein excluded by IVC rerouting. However, 
in the right-sided RCC with IVC VTT, blocking the left 
renal artery is not mandatory [33, 38]. To reduce the opera-
tion time in left-sided RCCs, partial blocking of IVC after 
thrombectomy provides unblocking of the right renal artery 
and vein before closure. For this approach, using a balloon 
catheter before thrombectomy is beneficial [38]. For right-
sided tumors, the left renal vein can be blocked safely with-
out requiring left renal artery blockage [5].

The possibility of primary closure of IVC depends on the 
percentage of IVC circumference resection; in cases with 
resection of less than 50% of IVC circumference, primary 
closure or venous patches can be used. In cases of supra-
renal IVC resection, IVC reconstruction by grafts, such as 
bovine pericardium, and prosthesis is necessary except in 
patients with appropriate collateral abdominopelvic circu-
lation [33, 39]. There is no significant difference between 
transected and en bloc techniques in matters of surgical com-
plications; though, in laparoscopic or robotic approaches, 

transected methods have advantages such as better IVC 
mobilization and decreased risk of embolization in left-sided 
tumors due to PRAE [28]. Due to the large lumen of IVC 
and the numerous veins that join it, dissection of IVC with-
out blood flow control can lead to severe bleeding and an 
increased risk of tumor embolization during the operation. 
Several techniques exist for tumor embolization and mas-
sive bleeding prevention. Using these techniques depends 
on tumor levels. In patients with isolated renal artery VTT, 
partial clamping of IVC should be used. In level 2 VTTs, 
complete IVC clamping is preferred [40]. Unlike the rela-
tively safe infra-hepatic IVC clamping, supra-hepatic IVC 
clamping can lead to troublous hypotension and decrease 
venous return [48].

Regarding the cases in which infra-hepatic IVC clamping 
is not suitable due to supra-hepatic expansion of tumor, sev-
eral methods have been discussed in the literature, such as 
cross-clamping of hepatic hilar or cardiopulmonary bypass 
[40]. Caval–atrial shunt during the operation and occlusion 
of intra-pericardial vena cava are alternative options. But in 
comparison with other techniques, cardiopulmonary bypass 
with deep hypothermic circulatory arrest (DHCA) is more 
favorable since this technique offers some advantages [41]. 
Performing IVC thrombectomy without cardiopulmonary 
bypass needs several lumbar veins and porta hepatis liga-
tion for bleeding prevention. IVC dissection is possible using 
a Cardiopulmonary bypass with DHCA. It also assists with 
performing a complete exploration of the IVC lumen without 
significant bleeding risk and with decreased risk of tumor 
embolization [41].

Intraoperative transesophageal echocardiography (TEE) 
is helpful for cardiac assessment and tumor movement con-
trol. It can help surgeons perform appropriate action at a 
punctual time for tumor embolism prevention [49]. This 
approach is used frequently in level 3 and 4 patients [33]. 
Intraoperative ultrasonography can confirm the level of VTT 
extension, which is beneficial for choosing the appropriate 
surgical method [33]. Attainment of negative vein wall mar-
gin is vital due to its effect on local recurrence rate, even in 
non-metastatic patients. A positive microscopic margin can 
decrease the free-of-tumor interval about 48 months in non-
metastatic patients with RCC and VTT [4].

Surgical management with an open approach based 
on tumor classification

Level 1

In level 1 IVC VTTs, a flank incision can be used due to 
the lower necessity of broad IVC access [27]. Subcostal 
and midline incisions are also suitable due to the lower 
probability of using a bypass. Similar to other levels, early 
ligation of the renal artery is a priority to prevent massive 
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intraoperative blood loss [5, 27, 33]. The surgical method 
used in level 1 tumors depends on the possibility of the IVC 
thrombosis being pulled back into the renal vein, determined 
by thrombus size and shape [33, 42]. If VTT is small and 
milkable, a Satinsky vascular clamp can be placed on the 
IVC wall around the renal ostium. However, in cases of large 
VTTs where milking the thrombus is impossible due to the 
risk of thrombus disintegration, IVC control should be per-
formed in the proximal and distal end of VTT in addition to 
contralateral renal vein control [33]. Thereafter, the ostium 
must be opened and incised to provide kidney and renal vein 
removal [5].

Cavotomy and large IVC wall incision are not necessary. 
Therefore, caval defects can be sutured by running 3–0 or 
4–0 Polypropylene [27, 43]. The robot-assisted approach 
should be performed in a 60° left lateral decubitus posi-
tion (right-sided RCC) or supine steep Trendelenburg posi-
tion (left-side RCC). The laparoscopic and robot-assisted 
approach’s surgical steps are similar to the open approach 
[44].

Level 2

Level 2 patients do not need bypasses; therefore, surgery 
can be performed via anterior subcostal or midline incision 
[42]. These patients need a more exhaustive IVC wall dis-
section due to the need for IVC and contralateral renal vein 
mobilization [45]. According to the higher demand for IVC 
wall dissection in these patients, ligation of lumbar branches, 
as much as possible, in addition to renal artery ligation, is 
necessary for better IVC control [27]. If more infra-hepatic 
IVC exposure is needed, ligating minor hepatic veins is ben-
eficial [46].

After performing the mentioned steps, infra-renal IVC, 
contralateral renal vein, and supra-renal IVC clamping must 
be performed [46]. IVC occlusion using a balloon is an alter-
native option in patients at risk of intraoperative bleeding 
due to the difficulty of distal IVC control [47]. After attain-
ing well-controlled blood flow of IVC by clamping, cavot-
omy by an anterior incision should be done, starting from 
the ostium of the renal vein and ascending along the IVC 
[48]. The following steps depend on the existence of a float-
ing thrombus or a thrombus with IVC wall involvement. In 
case of the absence of IVC wall involvement, thrombectomy 
is the plan of choice. After thrombectomy, the IVC wall 
can be assessed to find involvement by direct vision or with 
venacavoscopy using a cystoscope. Due to the importance of 
gaining a negative margin, questionable regions can be biop-
sied or resected [4, 49]. In direct IVC wall involvement by a 
thrombus, a Penfield dissector can salvage the IVC wall [27]. 
After thrombectomy, the IVC lumen should be cleared by 
flushing heparinized saline, and the IVC defect is closed by 
running a Prolene 4–0 suture [42]. During the tightening of 

the last suture, distal IVC clamping is released, and residual 
clots and air are pulled out [5].

Level 3

Since more exposure is needed in level 3 patients, an anterior 
midline incision is made [50]. Due to the need for bypass 
in level 3 cases, midline abdominal median sternotomy is 
also an appropriate incision for some cases, such as cases 
with large tumors in the upper kidney pole, patients in need 
of retro-hepatic IVC exposure, and cases with challenging 
anatomical situations. Also, bilateral subcostal incision has 
advantages in comparison with sternotomy, such as prevent-
ing post-operative thoracic complications such as atelectasis 
[27, 51].

These patients generally need a bypass, and after arterial 
ligation, the need for a bypass should be reassessed by sur-
geons. The need for vascular bypass depends on the extent 
of IVC lumen occlusion by tumor thrombosis. Due to the 
inappropriate development of collateral veins, patients with 
partial occlusion of IVC by VTT have less tolerance for 
supra-hepatic IVC cross-clamping, and bypass is advanta-
geous. According to the mentioned facts, in patients with 
complete occlusion of IVC by VTT, cross-clamping can 
safely be used to facilitate VTT resection. An increased risk 
of bleeding from collaterals is possible and should be con-
sidered in cross-clamping. Veno-venous bypass (VVBP) and 
cardiopulmonary bypass (CPB) are two options for patients 
who require bypass. VVBP is performed by placing a 20F 
venous cannula below the VTT into the IVC and an 8–14F 
cannula into the right atrium or brachial vein and then con-
necting the tubing to an electromagnetic centrifugal pump 
[5, 33]. Placing the cannula into the IVC lumen occluded 
with VTT should be avoided because it can lead to throm-
bosis movement to the right atrium [5]. A cardiopulmonary 
bypass is an alternative option for patients requiring bypass. 
Compared with VVBP, CPB can maintain cardiac output, 
but it can increase the risk of cerebrovascular emboli, renal 
dysfunction, and organ failure [27]. CPB, in combination 
with DHCA, can be an appropriate option for patients with 
level 3 and 4 IVC VTT due to its ability to decrease periop-
erative mortality [52, 53].

After attaining appropriate vascular control, cavotomy 
should be initiated as described in level 2. VTT should be 
pulled down between infra-renal, supra-renal, and con-
tralateral renal vein controls, if possible. TEE should be 
performed to help surgeons determine the appropriate site 
of clamping located above the VTT [50]. Gaining appropri-
ate IVC exposure is one of the most critical issues in level 3 
patients. In cases of small level 3 VTTs, short hepatic veins 
ligation and intra-hepatic IVC release can provide enough 
exposure. But in larger VTTs, mobilization of the caudal 
lobe of the liver may be necessary [50].
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Despite all these measures, if IVC clamping above the 
VTT is impossible, complete liver mobilization via incising 
falciform, round, and coronal hepatic ligament should be 
performed to access IVC above the supra-hepatic veins. In 
clamping IVC above the hepatic veins, the Pringle maneuver 
should be performed to prevent hepatic congestion [54]. The 
Pringle maneuver is occluding the hepatic artery provision-
ally by clamping the hepatic pedicle [54]. IVC clamping 
should be performed via anterior approach in small VTTs, 
and it is better to be done via lateral approach in cases of 
larger tumors. If cavoatrial junction control is necessary, a 
thoracoabdominal incision is recommended [33]. Cavotomy 
should be performed as described in level 2 tumors. After 
cavotomy in cases of incomplete resection of the vena cava, 
reconstruction of the vena cava by grafts can be achieved 
[56].

The most challenging part of minimally invasive 
approaches in level 3 patients is supra-hepatic IVC control. 
The role of hepatic mobilization in robot-assisted surgery 
has been described in recent studies. In right-sided IVC 
VTT, the patient should be secured at the left semi-lateral 
position then the bed should be rotated away from the opera-
tive side. It can also be performed in the dorsal elevated 
lithotomy position. After releasing the liver from its con-
nections (ligaments), medial rotation of the liver is possible. 
The right and left lobes of the liver can be mobilized off the 

IVC [55–58]. Balloon catheters provide thrombectomy with-
out liver mobilization. A cystoscope can visualize the IVC 
lumen and assess IVC wall invasion via robotic approach 
[57].

Level 4

The surgical approach should be chosen after intraopera-
tive TEE [27]. If TEE shows nonadherent (floating) VTT, 
surgery is performable via thoracoabdominal or midline 
approach. Thrombus can be pulled down below the dia-
phragm, and the cavoatrial junction can be controlled by 
the Rummel tourniquet. In adherent VTT, CPB with DHCA 
and sternotomy is advantageous [53, 59]. In the case of VTT 
extension to the right atrium, PRAE and caval filter may 
be required [26]. The robot-assisted approach can be per-
formed with thoracoscopy assistance under CBP in level 4 
patients. Cavectomy and thrombectomy can be done via a 
robot-assisted approach [56]. Current surgical methods for 
each level of IVC VTT are summarized in Fig. 2.

Comparison of open and minimally invasive 
approaches for RN and IVC thrombectomy

RN and IVC thrombectomy is one of the most challeng-
ing urological surgeries that leads to major surgical 

Fig. 2   Approaches for surgical management of IVC venous tumor thrombus (IVC inferior vena cava, CBP cardiopulmonary bypass, VVBP veno-
venous bypass, TEE transesophageal echocardiography) [5, 27, 33, 58]
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complications and has a high rate of intraoperative mortal-
ity and post-operative morbidity based on incision size, need 
for CPB, DHCA, and IVC cross-clamping [1, 55]. The open 
approach is still the standard for RN and IVC thrombectomy. 
Although, minimally invasive approaches (laparoscopic and 
robot-assisted surgery) seem to be quickly replacing open 
approaches due to their advantages [28].

Robot-assisted laparoscopic RN and IVC thrombectomy 
can provide three-dimensional visualization, reduction of 
blood loss, early post-operative rehabilitation, and reduc-
tion of hospital stay time [1]. Patients who have undergone 
surgery via laparoscopic approaches experience fewer post-
operative complications, decreased operation time, and 
increased time of cancer-specific survival [60]. But it should 
be considered that robot-assisted RN and IVC thrombec-
tomy has significantly more operation time in comparison 
with open surgery [8]. Thekke et al. reported a mean robot-
assisted operation time of about 329 min among 13 patients 
with level 1–3 IVC VTT [44]. However, Shao et al. revealed 
that the laparoscopic approach’s mean operation time for 
level 2 and 4 patients is about 210 min. They also sepa-
rately reported 155 min for level 2 and 275 min for level 
4 [61]. Also, the mean operation time in open approach 
surgery was about 249 min [62]. Reducing IVC clamp-
ing time is necessary according to its complications. The 
mean IVC clamping time in minimally invasive approaches 
is about 19–20 min [44, 61]. The median blood loss in 
the open approach is about 1900–3000 mL; however, the 
robot-assisted approach estimated about 395–500 mL [44, 
61, 62]. 5 out of 11 patients in the Shao et al. study popu-
lation and 4 out of 13 in another study required intraop-
erative or post-operative blood transfusion [44, 61]. Lue 
et al. reported that the median length of the hospital stay 
in patients who underwent open surgery is about 7 days. 
On the other hand, the mean duration of hospital stay was 
reported as 7.8–9 days in minimally invasive approaches 
[44, 61, 62]. One study reported that 28% of non-metastatic 
patients who underwent open surgery developed metastasis 
after about 22 months of follow-up. Another study showed 
that after about 19 months of follow-up, 10 out of 13 patients 
who underwent robot-assisted surgery were disease free [44, 
63]. Lue et al. showed that 50% of open surgery patients 
had post-operative complications [62]. Also, they reported 
that 12.6% of the patients died after surgery. Approximately 
35% of PCNL patients experienced post-operative compli-
cations which require pharmacological treatments, such as 
tachyarrhythmias, pneumonia, and transient ischemic attack. 
In addition, about 20% of the patients had complications 
requiring surgical or radiological treatments. On the other 
hand, Wang et al. reported a mortality rate of only 7.7% 
among level 3 and 4 patients who underwent robot-assisted 
surgery. Also, 5 out of 101 patients had post-operative renal, 
and 3 had liver dysfunction, which improved with medical 

interventions [56]. However, Shao et al. reported no post-
operative complications after laparoscopic surgery. Also, 
they mentioned that all patients had normal post-operative 
kidney and liver function, and among patients who under-
went CBP, no patients had post-operative cardiopulmonary 
or cerebral complications [61]. According to the large inci-
sion needed in the open approach, wound healing time is 
longer, and the incidence of associated complications such 
as wound infection is higher in the open approach [44]. 
Among 13 RCC patients with IVC VTT in Thekke et al. 
study population, they achieved negative surgical margins 
in the robot-assisted approach in all patients. Also, they 
reported 100% overall survival after a median 19-month 
follow-up [44]. Minimally invasive approaches may have 
advantages superior to the open approach. Still, it is notable 
that studies that show lower blood loss and post-operative 
complications in minimally invasive procedures have been 
conducted on selected and smaller populations compared 
with studies in an open approach. Furthermore, minimally 
invasive approaches are routinely performed on patients with 
lower levels of IVC VTT. The ability to use laparoscopic 
and robot-assisted approaches depends on tumor size and 
level, collateral vessels, and surgeon’s experience [33]. On 
the other hand, the open approach provides more exposure 
and safer IVC control [28]. In cases of RCC and IVC VTTs 
which open approaches provide more advantages than mini-
mally invasive approaches, they should not be performed at 
any cost. Also, minimally invasive approaches need a mul-
tidisciplinary and experienced team [34].

In patients with level 1, level 2, and level 3a IVC VTTs, 
RN and IVC thrombectomy can be performed safely via 
minimally invasive approaches; however, the laparoscopic 
approach and robot-assisted approaches both were reported 
for each level of IVC VTT [64]. Nevertheless, the laparo-
scopic approach has advantages compared to the robot-
assisted approach due to being closer to the patient in case 
of the surgery approach’s conversion to open approach and 
the benefits of choosing the site [28, 60]. Minimally inva-
sive approaches may require conversion to open approach 
due to unpredictable issues such as thrombosis, inflam-
mation, and adenopathy [65]. Specific patients can benefit 
from the safety of the open approach and the advantages 
of minimally invasive approaches simultaneously via open 
IVC thrombectomy after laparoscopic thrombectomy [66]. 
The robot-assisted approach can also be advantageous to 
patients with level 2 IVC VTT [67]. Recent studies have also 
shown the safety and advantages of robot-assisted RN and 
IVC thrombectomy for level 3 and 4 patients [56]. Minimally 
invasive approaches can be different depending on the tumor 
side. According to the left renal vein’s greater length than 
the right renal vein, surgery in a left-sided tumor should be 
performed via a combined retroperitoneal and transperito-
neal approach [60].
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Complications and challenges

Depending on tumor shape and thrombosis classification, 
surgical methods differ based on patient characteristics [29]. 
The surgical technique depends on the tumor’s laterality due 
to the different anatomy of collateral circulation of the right 
and left kidneys. The left kidney has a better collateral circu-
lation than the right kidney, making left-sided tumor surgery 
more complex than right-sided tumors. Therefore, patients 
with left-sided tumors are more exposed to renal dysfunction 
and ischemia as a complication of surgery [38]. Myocardial 
injury is seen in 37.8% of patients, and acute kidney injury 
is seen in 42.7% of patients undergoing radical nephrectomy 
and IVC thrombectomy [40]. Microscopic positive margin 
after extended follow-up after surgery occurs in 18.4% of 
patients and can reduce the patient’s disease-free interval 
[4]. Depending on the tumor’s expansion in IVC, appro-
priate access to IVC can be one of the most challenging 
parts of this surgery. In cases with IVC VTT expansion to 
retro-hepatic IVC, having suitable access is one of the most 
challenging parts of this surgery [26]. IVC VTT expansion 
to the right atrium forces surgeons to use the cardiopul-
monary bypass. It can lead to several complications [40]. 
Intraoperative pulmonary embolization of IVC VTT is one 
of the most challenging complications that leads to several 
morbidities [28]. Therefore, due to anatomical variations, 
perioperative comorbidities, and the majority of this surgery, 
radical nephrectomy and IVC thrombectomy is one of the 
most challenging surgeries.

In patients with several comorbidities, surgical treat-
ment is challenging. Neoadjuvant immunochemotherapy 
can be an alternative choice for immediate surgery. A case 
report showed the complete response of level 4 IVC VTT 
to nivolumab and ipilimumab. This neoadjuvant treatment 
made it possible to completely resect the kidney tumor with 
negative margins [68]. In addition, one of the rare presenta-
tions of RCC with VTT is Budd–Chiari syndrome. Due to 
the presence of coagulopathy and severe hepatic dysfunc-
tion, surgery is not recommended except in cases diagnosed 
in the early stages [33].

Conclusions

IVC wall involvement in renal cell carcinoma can decrease 
the 5-year survival rate and increase the recurrence rate. 
Due to this patient’s high amount of perioperative compli-
cations, choosing an effective surgical method is crucial. 
To choose the best surgical methods for patients with RCC 
and IVC VTT, thrombus level, extension to contralateral 
renal vein, thrombus adherence to IVC wall, and laterality 
of RCC should be assessed. In level 1 and 2 patients, CBP 
should be avoided as much as possible due to the associated 

complications. In level 3 and 4 patients, IVC access is the 
most challenging part of the surgery, which can be achieved 
by short hepatic vein ligation and hepatic mobilization in 
cases of high-extent VTT. Minimally invasive approaches 
have been recently reported in the literature for each level 
of VTT. But choosing between open and minimally invasive 
approaches should be performed via accurate decision. In 
conclusion, RN and IVC thrombectomy has been described 
in this review level by level and approach by approach. 
According to the difficulty and complexity of the surgeries 
and the variation of techniques in patients with higher-level 
IVC VTTs, bigger studies should be performed to compare 
the effectiveness and safety of different techniques, espe-
cially in minimally invasive approaches.
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