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Radical nephrectomy with
inferior vena cava tumor
thrombectomy in Mayo IlI-IV
renal cell carcinoma: a
retrospective single-center study
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Background: Tumor thrombus extending into the inferior vena cava (IVC) in
patients with renal cell carcinoma (RCC), particularly at Mayo levels Il and IV,
presents a major surgical challenge. Although systemic treatments are
evolving, surgery remains the mainstay of management. The role of
cardiopulmonary bypass (CPB) in this setting is not clearly defined.

Methods: We retrospectively analyzed 20 patients with RCC and Mayo level
=1V IVC tumor thrombus who underwent radical nephrectomy with IVC
thrombectomy at our center between 2017 and 2024. Preoperative workup
included MRI, contrast-enhanced CT, and transthoracic/transesophageal
echocardiography. CPB was used selectively in five patients with tumor
extension into and adherence to the right atrium. Postoperative complications
were classified using the Clavien—Dindo system. Survival was assessed with
Kaplan—Meier analysis and Cox regression.

Results: Median age was 61 years (IQR 51-72), and 70% were male. Level IV
thrombus was present in 60% of patients, and 40% had distant metastases.
Median operative time was 370 minutes and median blood loss was
2,500 mL. Postoperative complications occurred in 20% of patients, with one
in-hospital death (5%). Median hospital stay was 11 days. The 1-, 3-, and
5-year overall survival rates were 66.7%, 41.6%, and 34.6%, respectively.
Distant metastases were associated with lower survival (HR 2.48; p = 0.005),
while immuno-targeted therapy improved outcomes (HR 0.69; p = 0.035).
Conclusion: Radical nephrectomy with IVC thrombectomy in patients with
advanced tumor thrombus can be performed safely with good long-term
outcomes in selected cases. Careful preoperative imaging, intraoperative
echocardiography, and the selective use of CPB are key to minimizing risks.
These findings support a tailored surgical approach based on thrombus level
and clinical condition. Further prospective studies are needed to refine
surgical indications and clarify the role of systemic therapy.
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Introduction

Renal cell carcinoma (RCC) makes up 2%-3% of all adult
malignancies and is the most common type of kidney cancer. In
2020, over 400,000 new RCC cases were diagnosed globally, with
a reported 5-year overall survival of 77.6% (1). Established risk
factors include hypertension, obesity, smoking, and chronic
kidney disease (2).

A hallmark of RCC is its ability to invade the venous system,
most often the renal vein and inferior vena cava (IVC). Tumor
thrombus involving the IVC occurs in 4%-10% of patients, and
in about 1% of cases, the thrombus extends into the right
atrium. This finding is associated with more aggressive disease
and reduced survival (3).

The Mayo Clinic classification is widely used to define the
extent of tumor thrombus and guide surgical planning (4). This
system describes five levels of thrombus extension:

« Level 0: thrombus confined to the renal vein;

o Level I: thrombus extends <2 cm into the IVC above the renal
vein ostium;

o Level II: thrombus extends >2 cm into the IVC but remains
below the hepatic veins;

o Level IIT: thrombus reaches or extends above the hepatic veins
but remains infra-diaphragmatic;

o Level IV: thrombus extends above the diaphragm, including
cases with right atrial involvement.

o Level IV thrombi present the greatest surgical challenge and are
associated with increased intraoperative risk and poorer
oncologic outcomes (5).

10.3389/fsurg.2025.1644948

Despite advances in systemic therapies, radical nephrectomy
with IVC thrombectomy remains the main treatment for
patients with RCC and venous tumor thrombus, particularly at
Mayo levels III and IV (6). These procedures are technically
demanding and carry a substantial risk of perioperative
complications. Perioperative mortality has been reported to
range from 5% to 10% in large retrospective cohorts (4, 7, 8).

The decision to use cardiopulmonary bypass (CPB) during
surgery remains controversial, especially in cases of level IV
(9). Although has grown
substantially, no universally accepted guidelines exist for the

thrombus clinical experience
management of RCC with extensive venous involvement,
highlighting the need for further investigation (10).

This case series evaluates perioperative and long-term
oncologic outcomes in patients undergoing radical nephrectomy
with IVC thrombectomy for RCC with Mayo level III-IV
thrombus. We further assess clinical and pathological factors

that may influence survival.

Materials and methods

We conducted a retrospective analysis of clinical outcomes in 20
patients diagnosed with renal cell carcinoma and tumor thrombus
involving the inferior vena cava (IVC) at Mayo levels III-IV
(Figure 1). All patients underwent radical nephrectomy with IVC
thrombectomy at Botkin Hospital between 2017 and 2024.

Preoperative imaging was performed to determine the optimal
surgical approach and the extent of resection. This included
magnetic resonance imaging (MRI) using a General Electric

Level Il: Tumor thrombus extends into the IVC, more than 2
cm above the renal vein but below the hepatic veins.

FIGURE 1
Mayo classification of IVC tumor thrombus in renal cell carcinoma.

Level lll: Tumor thrombus extends above the hepatic
veins but below the diaphragm.

Level I: Tumor thrombus extends into the IVC, less than 2 cm above the
renal vein.

Level IV: Tumor thrombus extends above
the diaphragm, including atrial thrombus.
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Signa Excite 1.5 T scanner, color Doppler ultrasonography with an
expert-class GE Logiq E9 system (Figure 2), and contrast-
enhanced multidetector computed tomography (MDCT) with a
Toshiba Aquilion Prime 160-slice CT scanner (Figure 3).
Intravenous  contrast was administered using Iohexol
(Omnipaque, GE Healthcare). These modalities enabled detailed
evaluation of tumor extent and vascular involvement, facilitating
precise surgical planning.

These imaging modalities also facilitated assessment of the
oncological stage, the extent and dimensions of the IVC
thrombus, as well as the patency of the IVC and collateral
circulation. In all patients with level IV tumor thrombus,
preoperative  evaluation  included  transthoracic  and
transesophageal echocardiography to more accurately determine
whether the thrombus was adherent to the atrial wall (Figure 4).
In such cases, surgery was performed under cardiopulmonary
bypass (CPB).

Postoperative complications were classified according to the
Clavien-Dindo system. Grade I included any deviation from the
postoperative without  the

pharmacological treatment or surgical, endoscopic, or radiological

normal course need for
interventions (allowed therapies include antiemetics, antipyretics,
analgesics, diuretics, electrolytes, and physiotherapy). Grade II
complications required pharmacological treatment beyond that
permitted for Grade I, including the need for blood transfusions
and total parenteral nutrition. Grade III involved complications
requiring surgical, endoscopic, or radiological intervention: Illa
without general anesthesia and IIIb under general anesthesia.
Grade IV referred to life-threatening complications requiring
intensive care unit (ICU) management: IVa for single-organ
IVb  for Grade
V corresponded to patient death (11).

dysfunction and multiorgan  dysfunction.

FIGURE 2

Abdominal in the

ultrasound. Tumor thrombus
segment of the IVC (red arrow).

retrohepatic

Frontiers in Surgery

10.3389/fsurg.2025.1644948

Surgical technique

All patients underwent nephrectomy, thrombectomy, and
extended retroperitoneal lymphadenectomy. Adrenalectomy was
additionally performed in 15 cases (75%). A full midline
laparotomy was carried out in all cases; in 5 patients, it was
supplemented with a median sternotomy. The cranial extent of
floating thrombi at Mayo level III-IV and the condition of
cardiac chambers following thrombectomy were monitored
intraoperatively using transesophageal echocardiography (TEE).

In 5 patients (25%), cardiopulmonary bypass was required.
For procedures involving CPB, the surgical protocol began with
a complete median sternotomy to ensure immediate access in
the event of an emergency initiation of bypass. This was
followed by a full midline laparotomy. The ascending colon and
duodenum were mobilized using the Cattell-Braasch maneuver
to expose the infrarenal segment of the inferior vena cava, the
contralateral renal vein, and the affected right kidney. In cases
of left-sided tumors, additional mobilization of the descending
colon was performed.

In most cases, the renal artery on the affected side was ligated
during IVC mobilization—prior to kidney dissection—in order to
reduce venous hypertension and minimize blood loss. In cases
with significant peritumoral inflammation, the renal artery was
accessed separately through the root of the small bowel mesentery,
which was particularly important for right-sided tumors.

Mobilization of the subhepatic IVC was carried out with
ligation of the short hepatic veins. This was followed by
dissection of the subdiaphragmatic IVC, including ligation of
the diaphragmatic veins. To mobilize the retrohepatic segment
of the IVC, hepatic ligaments—including the round, falciform,
and triangular ligaments—were transected. Nephrectomy was
then performed, with renal vein division using a vascular stapler
(Figure 5).

To initiate cardiopulmonary bypass, cannulation of the
ascending aorta, superior vena cava, and inferior vena cava was
performed following systemic heparinization, with activated
clotting time (ACT) monitoring.

The cranial portion of the thrombus was extracted under
cardiopulmonary bypass via atriotomy. Once complete removal
of the thrombus apex from the atrial cavity was confirmed
visually, a tourniquet was secured around the subdiaphragmatic
segment of the IVC. Following atrial closure, vascular control
was achieved from the abdominal field by clamping the
hepatoduodenal ligament (Pringle maneuver), the suprahepatic
IVC, the contralateral renal vein, and the infrarenal IVC
(Figure 6).

Tumor thrombus removal was performed
IVC. In all

thrombectomy was completed by closing the venotomy site with

through a

longitudinal venotomy of the cases, the
a single-layer continuous suture (Figure 7). No case required
prosthetic reconstruction of the IVC.

In the absence of atrial wall adherence, diaphragmotomy was
performed via the abdominal approach to mobilize the
intrapericardial segment of the IVC. Under TEE guidance,

manual displacement of the thrombus apex from the atrial
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FIGURE 3

Contrast-enhanced abdominal CT. Renal cell carcinoma with Mayo level IV IVC tumor thrombus. (A) Renal tumor (red arrow); (B) Tumor thrombus
within the IVC and right hepatic vein (red arrow); (C) Tumor thrombus extending into the right atrium (red arrows).

cavity was achieved, followed by tightening of the tourniquet
around the IVC from the abdominal field. The principal stage of
the operation was then carried out under vascular control of the
IVC and its tributaries. In all cases, a cell salvage system (Cell-
Saver) was employed to compensate for intraoperative blood loss.

In several cases, simultaneous procedures were performed,
including tumor thrombus removal from the hepatic vein ostia
(n=2; 10%), tumor thrombus extraction from the contralateral
renal vein (n =3; 15%), and cholecystectomy (1 =2; 10%).

Frontiers in Surgery

Statistical analysis

Categorical variables were presented as absolute numbers
and relative frequencies. Quantitative variables were described
by the median and interquartile range (IQR) after assessing
the distribution using the Shapiro-Wilk normality test.
Kaplan-Meier survival analysis was used to estimate the
median overall survival and the 1-year, 3-year, and 5-year
survival rates, with corresponding 95% confidence intervals.
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FIGURE 4
Echocardiogram showing a tumor thrombus in the right atrium (red
arrow).

FIGURE 5
Intraoperative photograph. Stapling of the right renal vein.

Spearman’s rank correlation analysis was performed to
assess the strength and direction of associations between
postoperative complications and intraoperative blood loss and
operative time. Correlation coefficients (r) were interpreted
as follows: 0.00-0.19 as very weak, 0.20-0.39 as weak,
0.40-0.59 as moderate, 0.60-0.79 as strong, and 0.80-1.0 as
very strong. A p-value of <0.05 was considered statistically
The of distant and the
administration of immuno-targeted overall

significant. impact metastasis
therapy on
survival was evaluated using univariate Cox proportional
Variables with p<0.05 in
considered for inclusion in
Hazard ratios (HR) and 95%

confidence intervals (CI) were calculated.

hazards regression analysis.

univariate analysis were

multivariate Cox models.
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Results

The study cohort included 6 women (30%) and 14 men (70%).
The median age was 61 years (IQR: 51-72). Eastern Cooperative
Oncology Group (ECOG) performance status was 0-1 in 15
patients (75%), 2 in 3 patients (15%), and 3 in 1 patient (5%).

Right kidney involvement was observed in 15 patients (75%),
and left kidney involvement in 5 patients (25%). Tumor thrombus
involving the IVC was classified as Mayo level IIT in 8 patients
(40%) and level IV in 12 patients (60%). Clinical signs of IVC
syndrome were evident in 2 patients; deep vein thrombosis of
the lower extremities was noted in 2 cases, ascites in 1, and
pleural effusion in 2. A history of pulmonary embolism
involving small branches of the pulmonary artery was recorded
in 2 patients with level IV thrombus. Distant metastases from
renal cell carcinoma were present in 8 patients (40%), involving
one or more organs: lungs (n=4), liver (n=3), and bones
(n=1). 11 patients (55%) received immuno-targeted therapy.
A detailed overview of the cohort is provided in Table 1.

There were no cases of intraoperative mortality. The median
operative time was 370 min (IQR: 210-660), and the median
estimated blood loss was 2,500 mL (IQR: 1,000-4,000). The
median volume of autologous blood reinfusion was 750 mL
(IQR: 0-2,000). All patients required postoperative care in the
intensive care unit (ICU), with a median ICU stay of 3 days
(IQR: 1-8). Postoperative complications were observed in 4
patients (20%). Two patients experienced Clavien-Dindo
IITA
hemopericardium managed with pericardial drainage, and one

grade surgical  complications: one case of
case of right-sided pneumothorax requiring pleural drainage.
In one patient, early adhesive small bowel obstruction
developed, necessitating

(Clavien-Dindo grade IIIB).

Spearman’s rank correlation analysis demonstrated a moderate

relaparotomy and adhesiolysis

positive correlation between intraoperative blood loss and the
occurrence of postoperative complications (r=0.42, p=0.02),
indicating that greater blood loss during surgery was associated
with a higher risk of postoperative adverse events. Conversely,
operative time showed only a very weak correlation with the
incidence of complications (r=0.11, p=0.54), suggesting that
longer operative duration alone did not significantly impact the
development of postoperative complications in our cohort. In-
hospital mortality was 5% (1/20). One patient developed a
subarachnoid hemorrhage on postoperative day 14, requiring
neurosurgical intervention. The median length of hospital stay
was 11 days (IQR: 8-41). Early postoperative outcomes are
summarized in Table 2.

Histopathological examination revealed clear cell renal cell
carcinoma in 11 patients (55%), while the remaining 9 patients
(45%) were diagnosed with clear cell adenocarcinoma. At a
median follow-up of 41 months, the 1-year overall survival rate
was 66.7%, 3-year survival was 41.6%, and 5-year survival was
34.6% (Figure 8). In the univariate Cox proportional hazards
regression analysis, the presence of distant metastasis was
significantly associated with decreased overall survival (HR 2.48,
95% CI 1.32-4.65, p=0.005), while patients who received
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Tourniquet on the hepatoduodenal ligament

(Pringle maneuver)

Tourniquet on the infrarenal IVC

FIGURE 6

IVC prior to thrombectomy.

(=
VJ//W

Schematic illustration of the surgical procedure. Clamping of the hepatoduodenal ligament, suprahepatic IVC, contralateral renal vein, and infrarenal

K

-
.

Tourniquet on the lefi renal vein

FIGURE 7
Intraoperative photograph. Primary closure of the IVC (red arrow).

immuno-targeted therapy demonstrated improved overall survival
(HR 0.69, 95% CI 0.37-0.85, p = 0.035).

Discussion

Tumor thrombus extension into the inferior vena cava (IVC) in
patients with renal cell carcinoma (RCC), particularly at Mayo levels
III and IV, presents a significant surgical and oncological challenge.
These cases are characterized by an increased risk of massive
hemorrhage, thromboembolic events, and complex technical
demands associated with mobilization of the IVC and potential

Frontiers in Surgery

TABLE 1 Preoperative characteristics of patients.

Sex:
Male 14 (70%)
Female 6 (30%)

Median age, years 61 (IQR: 51-72)

Side of kidney involvement:

Left 5 (25%)

Right 15 (75%)
IVC tumor thrombus level:

Level 111 8 (40%)

Level IV 12 (60%)
Distant metastases:

M, 12 (60%)

M, 8 (40%)
History of pulmonary embolism 2 (10%)
Immuno-targeted therapy 11 (55%)

TABLE 2 Surgical outcomes in patients with renal tumors and advanced
IVC tumor thrombus.

Parameter Value

Median operative time, min 370 (IQR: 210-660)
Median blood loss, mL 2,500 (IQR: 1,000-4,000)
Median autologous blood reinfusion, mL 750 (IQR: 0-2,000)
Median ICU stay, days 3 (IQR: 1-8)
Median hospital stay, days 11 (IQR: 8-41)

Postoperative complications (Clavien-Dindo):

Grade ITIA 2 (10%)
Grade IIIB 1 (5%)
Grade V 1 (5%)
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FIGURE 8

Long-term overall survival following radical nephrectomy and IVC thrombectomy
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intracardiac involvement. Optimal management requires a
multidisciplinary approach and careful preoperative planning
tailored to individual anatomical and clinical circumstances (12, 13).

In this retrospective series of 20 patients with Mayo level
I or IV
IvC

transesophageal echocardiographic guidance. Cardiopulmonary

tumor thrombus, radical nephrectomy with

thrombectomy was performed under intraoperative
bypass (CPB) was used in 25% of cases. The observed in-
hospital mortality rate was 5%, aligning with outcomes reported
in other contemporary retrospective cohorts (14-17). The 5-year
overall survival rate was 34.6%, which is somewhat lower than
previously published data ranging from 40% to 60%. However,
this result appears comparable when considering the higher
proportion of patients with level IV thrombus (60%) and
metastatic disease (40%) in our cohort (15, 18-20).

The findings in our cohort are broadly consistent with
previously published series. Chen et al. (2021) reported a 5-year
overall survival rate of 39% in 121 patients, among whom 21.5%
had level IV thrombus and 35% had metastatic disease (15).
Similarly, Gamboa-Hoil et al. (2021) described a 5-year survival
of 37% and an in-hospital mortality rate of 4.5% in a cohort of
132 patients, with adverse prognostic features including IVC
wall invasion and sarcomatoid differentiation (14). Lambert
et al. (2007) reported a 5-year survival of 40.7% in a series of
118 patients, with survival outcomes strongly associated with
thrombus extent, disease stage, and lymph node involvement
(18). In contrast, Garg et al. (2022) reported a 5-year survival of
63.2% and a median survival of 75 months in a cohort of 56

Frontiers in Surgery

patients, which was attributed to a more favorable disease
profile, including predominantly level I-II thrombi and a lower
incidence of metastases (20).

The comparatively lower survival rate in our cohort may be
explained by the high proportion of patients with level IV
thrombus (60%) and metastatic disease (40%). In univariate
analysis, metastatic status was significantly associated with
reduced overall survival (HR 2.48; 95% CI 1.32-4.65; p = 0.005),
consistent with findings from larger international studies
(21-23). The relatively short follow-up period (median 41
months) may have also contributed to an underestimation of
long-term survival. Since many patients had not yet reached the
5-year mark at the time of analysis, survival estimates were
based which their
interpretability in the context of a small sample size.

in part on censored data, limits

In the surgical management of RCC with level IV tumor
thrombus cardiopulmonary bypass (CPB) is often considered
necessary to ensure hemodynamic stability and facilitate
complete tumor resection. Zacek et al. reported a 5-year survival
rate of 51% and in-hospital mortality of 7.9% in patients
undergoing CPB-assisted thrombectomy, supporting its use in
anatomically complex cases (24).

According to Nesbitt et al., CPB is typically required only
when the thrombus extends into the right atrium (25). However,
the use of CPB is associated with a range of complications,
including acute kidney injury, stroke, coagulopathy, and
pulmonary events, highlighting the need for careful patient

selection (26, 27).
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In selected patients without atrial wall involvement,
thrombectomy can be performed without CPB. Several clinical
reports have demonstrated that floating thrombi located in the
right atrium can be safely managed via an abdominal approach
under  intraoperative  transesophageal  echocardiographic
guidance, with acceptable oncologic outcomes (28, 29). In such
cases, gentle external compression over the right atrium under
transesophageal echocardiographic guidance may allow the
thrombus to be pushed back into the IVC, enabling safe
removal without the need for cardiopulmonary bypass (30).

In our series, CPB was used exclusively in patients with
confirmed thrombus fixation to the atrial wall, in accordance
with established surgical standards. This strategy provided stable
hemodynamics and reduced the risk of tumor fragmentation
and embolization during complex thrombectomy procedures.
The use of CPB should be based on the anatomical extent of the
thrombus and the overall clinical condition. In cases with atrial
wall involvement, it remains a justified and safe approach.

Neoadjuvant systemic therapy, including tyrosine kinase
inhibitors and immune checkpoint inhibitors, has been
investigated as a means of reducing tumor thrombus burden
and improving surgical resectability in patients with RCC and
vC

systemic treatment may lead to partial thrombus regression in

involvement. Observational data have suggested that
selected cases (31, 32). However, current guidelines from the
European Association of Urology (EAU) consider this approach
investigational, and recommend its use be limited to clinical
trial settings, as prospective randomized data confirming efficacy
and safety are lacking (33).

Segmental resection of the inferior vena cava (IVC) has been
employed in cases where tumor thrombus invades the caval
wall. Liu et al. reported successful circumferential resections
without vascular reconstruction in selected patients, relying on
sufficient collateral venous return to maintain hemodynamic
stability (34). However, this approach is generally feasible only
in cases of right-sided tumors with preserved contralateral renal
function (35). The left kidney typically benefits from a more
extensive collateral network, whereas the right kidney has
limited venous drainage. In such situations, graft reconstruction
of the IVC is
venous outflow.

generally required to preserve adequate

Several histopathological features—such as sarcomatoid
differentiation, tumor necrosis, lymph node involvement, and
IVC wall invasion—have been independently associated with poor
prognosis in RCC patients with venous tumor thrombus (15, 16).
In the present study, these variables were not consistently assessed
due to the retrospective nature of the data and the lack of
centralized pathology review. In several cases, surgery was
performed in urgent settings or in patients with advanced tumor
burden, which limited the completeness and standardization of
pathological evaluation. Considering their clinical relevance, these
should be

prospective trials with standardized pathology review.

features systematically incorporated into future
This study has several limitations. The retrospective design,
limit the

therapies

small sample size, and single-center setting

generalizability of the findings. Systemic were
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administered based on individual clinical decisions rather than
standardized protocols, restricting the ability to evaluate their
impact on survival. Although univariate analysis identified
associations between metastatic disease, systemic treatment, and
overall survival, multivariable analysis was not feasible due to
the low number of events and missing covariates. Additionally,
the absence of centralized pathology review precluded consistent
assessment of key histologic features such as necrosis,
sarcomatoid differentiation, and IVC wall invasion. Finally, the
relatively short median follow-up of 41 months may have
affected the accuracy of long-term survival estimates and limited

the interpretation of 5-year outcomes.

Conclusion

Our experience highlights the importance of an individualized
surgical approach based on preoperative imaging, assessment of
thrombus extent and mobility, intraoperative echocardiographic
monitoring, and selective use of cardiopulmonary bypass.
Adherence to these principles may help achieve satisfactory
Further
prospective studies are warranted to validate prognostic models

oncologic and functional outcomes. multicenter
and to better define the role of neoadjuvant therapy in this

high-risk patient population.
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